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INTRODUCTION 
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INTRODUCTION 
The subject of this investigation vas the staphylococcal substance 
which we nov call enterotoxin and which ve know to be responsible for 
staphylococcal food poisoning in man. The immunological response of 
animals to this substance, as well as the exceptional heat resistance 
of the enterotoxin, indicates that it is indeed quite different from 
other known bacterial exotoxins. It vae hoped that this study of some 
of the physical and chemical properties of the enterotoxin would help 
to explain those differences and also yield information about the chemi-
cal nature of the toxin itself. 
CHAPTER I 
HISTOrtiCAL BACKGROUND 
HISTORICAL BACKGROUND 
The studies reported herein are concerned with the physical and 
chemdcal nature of staphylococcal enterotoxin, with the ultimate aim 
of isolating the substance in pure form. 
The agent responsible for staphylococcal food poisoning was first 
reported by Denys (30) (Belgium) in 1894; he stated that poisoning 
could result from contamination of food by pyogenic staphylococci. In 
the United States, early reports were made by R. W. Owen (69) in 1906 
and by h. A. Barber ( 1 ) in 1914. Owen studied cultures made from meat 
which had caused food poisoning and he found pyogenic staphylococci to 
be the causative agent. In 1914, Barber found that the milk drawn from 
one ~uarter of the udder of a cow which had been infected with mastitis 
three years previously contained white staphylococci and was responsible 
for sporadic cases of acute gastrointestinal upsets. The white staphy-
lococcus liberated a toxic substance upon standing; in no case >rere 
agglutinins found in the serum of those affected. No further reports 
appeared until 1930, when Dack1 Cary, Woolpert, and Wiggers (23) des-
cribed an outbreak of eleven people who had eaten custard-filled sponge 
cakes. A yellow hemolytic staphylococcus was found in abundance in the 
cake and the filling. vihen grown in broth this staphylococcus produced 
a substance which upon ingestion brought about nausea, diarrhea, and 
vomiting. In 1943, Lumsden, Nau, and Stead (65) reported an outbreak of 
food poisoning in a hospital in Galveston, Texas; about 22% of the 
patients and 50% of the personnel were attacked. In this outbreak, 
chicken was the medium of conveyance and the causative agent was a bac-
terial toxin produced by Staphylococcus aureus. In 1943, Getting, 
hbeeler, and Foley (43) reported a food-borne streptococcal outbreak 
appareatly due to the eatine, of ham which had <:>eea contamirnted by a 
scarlatinal patient, In the past, salmonella were considered to be 
the most fre~uent etiolo0ical agents in the production of food poison-
in.:;; this impre3sion is especially to be noted in the i!:nglish litera-
ture on the subject of food poisoning, It is probable thc.t st<lphylo-
coccal food poisoniag is no;r the most comnon type, althou.;h we have no 
knowledL,e of the number of cases occurring annually, since food poi-
soning of any type is not a reportable disease, NUI:lerous investic;a-
tions (53) indicate thc.t staphylococci are frequentl"' present in cases 
of food poiso~.in,;,. It is often di-''ficult, ho«ever, to detert'line whe-
ther or not this organism is the etiological agent, The studies of 
Jordan and EcBroom (59), ·:ioolpert and Dack (95), and Dolma.'1, Wilson, 
and Gockcroft (37) indicate that a toxin produc<ed by staphylococci is 
responsible for the s;,-mptoms. This toxin is called enterotoxi.n because 
it produces its effects in the 6 astro-intestinal tract, StrHar and 
Jordan (88) in 1935 demonstrated that no one strain of staphylococcus 
is responsible for food poisonin;;; this finding ·..tas later confirmed in 
1946 by geldman (41), In the above-mentioned outbreak reported by 
Barber (Philippine Islands, 1914) the staphylococci >~ere of the albus 
variety; rtamsay a.~d Tracy (74) in 1931 reported a case ia which the 
drinking of milk inoculated .dth )CUre cultures of staphylococcus of 
the aureus type also produced illness, It is ';Torth noting that strains 
with different biochemical and serological characters have been iso-
lated from the same article of i'ood 'n one and the same outbreak, On 
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the other hand, the unity of the strains isolated from foods incrimi-
nated in some other outbreaks is noteworthy. In 1931, Jorda;, and !-'all (58) 
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reported an outbreak of food poisoning from eating chicken gravy, 
apparently caused by the products of growth of a staphylococcus which in 
pure culture formed substances that reproduced in human volunteers the 
typical picture of the original outbreak. 
Following ingestion of the food contaminated with enterotoxin-
producing staphylococcus, whether it be the aureus, albus, or citreus 
type, an acute gastro-enteritis with typical nausea, dizziness, weakness, 
diarrhea, and vomiting is developed two to four hours later. necovery 
from the gastro-enteritis is rapid, and the patient feels perfectly nor-
mal again twenty-four hours after the onset of the symptoms. Pathologi-
cal disturbances probably occur, but very little is known about them 
because only one death due to staphylococcal food-poisoning has been 
reported in the literature ( 5 ). In this one fatal case, the illness 
began with the typical symptoms enumerated above, but at necropsy a 
staphylococcal infection of the jejunum and ileum was found. Sections 
made from various levels of the jejunum showed diffuse lesions 1ihich 
were similar throughout the entire jejunum; most of the epithelial cells 
of the villi and glands of the mucosa were completely destroyed and had 
disappeared. ~~st of the villi showed evidence of intense damage and 
diffuse acute inflammation. Many capillaries in the stroma of the muc-
osa were dilated and some were filled with thrombi. The tissue of the 
mucosa was infiltrated with fluid and was found to contain many leuko-
cytes. Many of the tissue cells and leukocytes were necrotic and their 
nuclei were fragmented. For the most part, the fibers of the stroma 
and the walls of the blood vessels were intact; there were, however, 
small scattered hemorrhages, and the distal portions of adjacent groups 
of villi here and there had disappeared in many areas, leaving small 
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superficial ragged ulcers which in a few cases extended nearly to the 
level of the muscularis mucosae, The muscularis mucosae and the sub-
mucosa were also infiltrated with fluid and leukocytes, of which some 
were polymorphonuclear cells, some mononuclear phagocytes, and some 
lymphocytes, There was not much evidence of inflammation in the mus-
cularis and serosa, Numerous large Gram-positive cocci were found in 
the glandular crypts and in the mucosa of the jejunum, In the ileum, 
practically identical microscopical changes were found, but they were 
much less intense in character, The lesions gradually diminished in 
intensity in the middle and lower parts of the ileum, and near the ileo-
caecal valve very little acute inflammatory exudate was detected in the 
tissues, In this area, however, many Gram-positive cocci were found in 
the mucus, which covered and surrounded the villi and filled the glands 
of the mucosa, Further examination revealed focal necroses in the 
liver, spleen, and bone marrow, and small hemorrhages scattered in the 
brain and meninges, 
Concerning the vomiting which always accompanies staphylococcal 
food-poisoning, investigations were made on its mechanism by Bayliss ( 3) 
in 1940, 1le must realize that the investigation of enterotoxin-producing 
organisms was much delayed by the fact that until only a few years prior 
to 1940 the only known susceptible subjects were man and the monkey, and 
these exhibited considerable variation in their response to enterotoxin, 
In 1936, however, Dolman, •·iilson, and Cockcroft (37) demonstrated that 
kittens injected intraperitoneally with form~inized or boiled filtrates 
from certain strains of bacteria developed a marked lassitude and \leak-
ness accompanied by vomiting and diarrhea, This test, the validity of 
which has been verified by numerous other workers(28), will be discussed 
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more fully below. Let it suffice for the present to say that since vomiting 
is one of the most easily recognized signs of the effect of enterotoxin, 
the knowledge of the mechanism of this activity was deemed important. In 
his investigations on this mechanism, Bayliss (3) studied the physiology 
of emesis on both young and adult cats under various experimental condi-
tions. He found that no direct action was produced by a potent entero-
toxic filtrate on isolated intestinal strip, and that emesis resulted fol-
lowing intravenous, intracardial, and intraperitoneal injections of an 
enterotoxic filtrate into cats anesthetized with either ether or sodium-
phenyl-barbital; emesis failed to appear subse~uent to oral, subcutaneous, 
or intramuscular administration. Emesis (due to staphylococcal entero-
toxin) was also found to occur when injections of an active filtrate were 
administered following celiac ganglionecto~, gastrecto~, spinal cord 
transection at T2 or caudal, and unilateral vagoto~; mild retching move-
ments always and emesis only rarely followed double vagoto~, abdominal 
evisceration, and spinal cord transection at c7• Never was emesis obser-
ved after destruction of the vomiting center following injection of ent-
erotoxin into the fourth ventricle over the vomiting center, or after 
transection of the central nervous system between the anterior border of 
the pons and the posterior border of the hypothalamus. In his study of 
the effect of drugs, Bayliss found that morphine inhibited, ergotoxine 
inhibited or delayed, while atropine and ppenobarbital had little or no 
effect on emesis due to enterotoxin injection. Bayliss interprets his 
experiments as follows: 11-----the action of staphylococcus enterotoxin 
on peripheral sensory structures is of greater importance in the initi-
ation of emesis than direct action of enterotoxin on the vomiting center." 
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These results obtained by Bayliss, namely that it is not necessary 
for the staphylococcal enterotoxin to be absorbed through the intesti-
nal mucosa to produce its effects on the smooth muscle of the gastro-
intestinal tract, were in accord with the earlier observations of Dol-
man and his collaborators. They were confirmed by the experiments 
performed on isolated rabbit gut segments by rtichmond and his collabo-
rators (75) in 1942. They found an increased tonicity of the smooth 
muscle of the rabbit gut in vitro upon addition of the enterotoxin test 
solution to the isolated jejunal segments suspended in oxygenated 
Ringer's solution at pH 7.3 and kept at 38C. The possibility of fur-
ther developing this technique and using it as a laboratory test for 
the detection of staphylococcal enterotoxin was noted. 
The enterotoxic substance in ~uestion is only slightly inactivated 
by exposure for thirty minutes to the temperature of boiling water. 
Food-poisoning may conceivably result from consumption either of uncooked 
food containing living staphylococci and their metabolic products or of 
food which has been cooked long enough to kill most of the staphylococci 
but not long enough to inactivate the gastro-intestinal irritant (entero-
toxin), which the staphylococci may have elaborated. The experiments of 
Dack, \ioolpert, Noble, and Holliday (25) demonstrate that it seems likely 
that in some of the food-poisoning outbreaks due to staphylococci in 
cake, the filling is contaminated after it has been prepared, the microbes 
from the filling invading the cake substance. 
Any investigation of the chemical nature and antigenic properties of 
staphylococcal enterotoxin, its mode of activity, and of re~uirements for 
its production has been made difficult by the absence of any convenient 
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laboratory test which might be used for detectL~g the enterotoxin. Until 
1931 human volunteers were used for detecting the presence of enterotoxin. 
In 1931, Jordan and Mcllroom (59), and in 1933, Woolpert and Dack (95) 
reported their findings on the susceptibility of Macacus rhesus monkeys, 
but in 1937 Shaughnessy and Grubb (83) found that rhesus monkeys could 
not be depended upon to vomit consistently when fed a toxic filtrate. 
Chinn (14) states that in his experiments he found that monkeys vomit 
after being fed sterile nutrient broth. Heyer et al. (35) have also noted 
the insusceptibility of some monkeys to the enterotoxin; it was also real-
ized that the use of monkeys in the laboratory also entails many diffi-
culties and additional expenses. For several reasons, then, the monkey 
is not suited for the purpose in view. The use of certain other animals 
has also been shown to be unsuccessful. The experiments of Dolman and 
Wilson (35) with guinea pigs, rabbits, and mice have also indicated the 
unsuitability of these animals for the test, although their use was sug-
gested by Borthwick ( 8 ) in 1933. The use of chick embryos has also been 
unsuccessful. Inoculations of enterotoxic filtrates were made onto the 
surface of the chorio-allantoic membrane through an artificial air space 
as well as directly into the yolk sac, but without any apparent effect 
upon the life of the embryo (47). 
Immediately thereafter, investigators turned to other methods of 
determination. Stritar and Jordan (88) concluded that chromogenesis, 
hemolysin production, fermentation reactions, gelatin liquefaction, 
agglutination, and agglutinin absorptions were not distinctive. Stone (87) 
has devised a special gelatin and gelatin-agar medium for study of gela-
tin liquefaction by enterotoxic staphylococci. Unfortunately, compari-
son of results obtained by use of animals with the reactions on Stone's 
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medium supports the conclusions of Dolman et al. (37) 1 and of Chinn that 
these media have no appreciable differential value. It seems that a 
positive reaction depends upon the metabolic potency of the staphylococ-
cal strain rather than upon the presence of enterotoxin. 
In the meantime, other investigators were performing experiments on 
other laboratory animals never used before. Although Jordan and Hall 
were unsuccessful in producing symptoms of food-poisoning in laboratory 
animals by feeding them staphylococcus filtrates, rtamsay and Tracy (74) 
obtained positive results after feeding kittens on milk cultures of 
strains of Staphylococcus aureus known to have been responsible for gastro-
enteritis in man. Several days later, these animals developed a diarrhea 
which persisted until the milk culture was withdrawn from the food; in 
some cases, blood and mucus appeared in the dejecta. Similar preliminary 
tests were conducted on a cat by Dolman, Wilson, and Cockcroft (37). The 
filtrate used was prepared from a strain of hemolytic, cream-colored 
staphylococci which was isolated from human nasal mucous membrane. 1~ ¥~ 
of this filtrate had previously caused one of the investigators to vomit 
profusely two hours after he had ingested it. 50 Nl of this same fil-
trate in milk was fed to a cat; two and one half hours later projectile 
vomiting was observed, followed within the next few hours by several 
loose stools. 10 t~ of a filtrate concentrated by evaporation under low 
pressure produced similar results; ingestion of 1 ml of a formalinized 
filtrate prepared from this same strain produced vomiting in a human vol-
unteer, and very small subcutaneous doses of the formalinized filtrate 
had previously caused nausea and vomiting in a few human subjects. 
Dolman and his collaborators concluded from these experiments that the 
enterotoxin resisted the detoxicating action of formaldehyde and further 
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that it might take effect when administered parenterally. Dolman et al. 
(37) found that as small a dose of a potent filtrate as 0.5 ml adminis-
tered intraperitoneally will cause a severe case of gastro-enteritis in 
a kitten weighing 350-550 grams and about six to eight weeks old, while 
3 ml from innoceuous strains or of formalinized broth will produce no 
upset. They found that adult cats are not only more difficult to handle 
but are oftentimes relatively less sensitive than kittens. The filtr~tes 
used were obtained by inoculating plates of semi-solid nutrient agar 
medium with the strain of staphylococcus to be studied and incubating for 
40 hours at 37 C in an atmosphere of 30% carbon dioxide and 70% ozygen. 
The resulting suspension is freed from agar by passing through cheese 
cloth, followed by Seitz filtration. 0.3% Of formaldehyde is added to 
the filtrate, the resulting formalinized filtrates being stored in the 
incubator at 37 C until the rabbit and sheep cell hemolysins are no 
longer detectea. The filtrates are then ready to be tested for the pre-
sence of enterotoxin by the kitten test. Since it is now known that 
enterotoxin is more heat stable than the other toxins which may be in 
the filtrate (the hemolysins, leucocidin, and dermonecrotic toxins), the 
toxic effects of these latter have been neutralized by placing the fil-
trate in a boiling water bath for one half hour prior to injection. 
Davison et al. (28) have removed the toxic effects of these other toxins 
by neutralizing them with immune serum. Since the hemolytic, dermonecro-
tic, and lethal toxins are apparently the same antigenically for differ-
ent strains, they may be neutralized by tpe same antitoxin. Davison 
and his co-workers were able to use successfully a non-enterotoxic strain 
of staphylococcus which did produce these other toxins to produce an 
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antitoxin to neutralize all the toxic factors produced by an enterotoxic 
strain, except the enterotoxin itself, No protection to enterotoxin 11as 
obtained in either monkeys or kittens immunized to the filtrate of a 
non-enterotoxic strain, They also conclude that the assay of enterotoMin 
by intravenous injection of monkeys and kittens with the specimen to be 
tested appears to offer certain advantages over others, since it is a 
more delicate test and only a small amount of the test material is 
re'{uired. 
In his experimental observations with kittens and puppies used in 
studying Dolman's kitten test (intra-abdominal injection) for the detec-
tion of enterotoxin, rtigdon (77) found that the typical symptoms of marked 
lassitude, unsteadiness, weakness, and paroxysms of vomiting and diarrhea 
were also produced by injection of the sterile medium alone as well as by 
the filtrate containing enterotoxin, He was unable to separate staphy-
lococci into two groups--those which do and those which do not produce 
enterotoxin, It was then realized that in using Dolman's techni~ue of 
intraperitoneal injection of the toxic filtrate, it is best to use the 
animals for only seven to ten weeks, because of the "immunity" acquired. 
Kupchik (62) recognizes the validity of the Dolman test, but believes 
that the animal should be used a second time only after two weeks have 
elapsed since the first injection. 
Davison, Dack, and Cary (28) were also able to modify Doln~an' s ori-
ginal method of assay; instead of employing intra-abdominal injection, 
they devised a procedure for the intravenous and intracardiac routes for 
inoculating kittens as follows: the experimental kitten weighing about 
800 grams is placed on its back on an animal board and the inner part 
of one thigh is shaved to just below the knee; no anesthesia is used. 
Application of slight pressure over tpe vein near the inguinal region 
makes the saphenous vein more prominent. The experimenter can enter 
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this vein at the knee or just above it, using a 26 gauge needle. After 
the pressure above is released, the syringe and leg are grasped together 
with one hand and the injection is made slowly. Depending on the toxin, 
0.5 rnl to 5.0 rnl may be required. The lethal factors and other toxins 
are removed by the heating procedure; the heated filtrate is centrifuged 
and the supernatant used for the inoculum. The use of sterile techniCJ.ue 
seems to be unnecessary. A dose of 2.0 rnl of toxin of average potency 
will produce a severe reaction when used for the first inoculation. This 
same dose, when repeated for the second tin1e, seems to produce a somewhat 
less severe reaction, apparently regardless of the time interval. Because 
it is necessary to increase the dose each time, the cat is never used 
after the fourth time, and the results of a negative reaction are never 
accepted as final unless repeated on at least two previously unused cats 
in a minimal dose of 3.0 rnl. The symptoms after injection proceed as 
follows: ~"iithin 15 minutes to two hours (usually 30 minutes) nausea and 
vomiting are produced. Coarse tremors and hair erection fre'-luently accom-
panied by a chill or rigor proceed for two to four hours. A temperature 
of 104 F to lo6 F may be and usually is reached. Diarrhea may or may not 
be present. Vomiting may recur at intervals for two to three hours. 
Three to four hours after the onset of the symptons, the cat is usually 
noticeably less ill and appears normal 24 to 48 hours later. 
Kittens are not affected by the oral administration of small doses 
(5 rnl) of soft agar extracts which are toxic to man in one fifth of that 
amount. Dolman (34) states that if 50 ml are fed to the experimental kit-
ten, projectile vomiting is produced 2~ hours later. It would be worth 
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while to investigate this method of assay more fully, since it is not very 
difficult to concentrate the extracts in~· Jones and Lochhead (51) 
in 1939 grew the strains on a special starch medium and claim to have pro-
duced vomiting in their laboratory cats by feeding only 5 ml of the 
extract. At the present time, the final identification of enterotoxin in 
a staphylococcus filtrate is still determined by one of the kitten tests, 
either by the method proposed by Dolman or by the modified test of Davi-
son et al. 
decently, a new method of assay has been developed; the presence of 
enterotoxin is established by the production of spasms in the common frog 
(Rana pipiens) after feeding the filtrate directly with a medicine dropper. 
The procedure is as follows: the frog's mouth is opened with large, blunt-
ended forceps and held open by inserting the thumb near the angle of the 
jaw. Thus the dropper may easily be inserted through the oesophageal 
sphincter and the filtrate placed directly into the frog's stomach. The 
animal is then placed in an aquarium jar and observed over a period of 
hours. A positive reaction due to the presence of enterotoxin in the fil-
trate fed is indicated by the production of a "spasm." The spasm commen-
ces .rith a series of swallowing motions (retraction of the eyeballs), a 
slowly repeated gaping of the mouth, a gr4dual change in the tone of the 
skin color, a distension of the abdominal wall, and a distinctive sitting 
position, all of which occurs .rithin 3 to 10 minutes and reaches a climax 
when the spasm is completed by a slow-motion rubbing of the abdominal wall 
with a hind-foot followed by a wiping of the face with a fore limb. This 
occurs on both sides of the body and may last from 3 to 15 minutes. Slowly, 
mucus is expeLled from the mouth, abdominal distension becomes lessened, 
and the frog assumes a natural sitting position. Gaping at the mouth may 
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continue for some time after the other typical movements have ceased. It 
is believed by the experimenter (Klizabeth dobinton (79)) that the rapid-
ity with which the spasm is produced after the filtrate has been fed is 
dependent upon both individual susceptibility and enterotoxin potency. 
It has been more recently reported by itobinton (80) that antiperistalsis 
of the stomach is produced in decerebrate frogs (dana pipiens) within 
thirty minutes after feeding enterotoxigenic substances or within one 
minute with the use of enterotoxin concentrated by freezing and drying 
under vacuum (Cryochem process). 
Much has appeared in the literature which would indicate an identity 
or close relationship of the enterotoxin with the heniDlytic toxins. In 
1934 Dolman (31) demonstrated successfully the separate identities of 
el-hemolysin and enterotoxin. Fulton, however, was unable to substanti-
ate their separate identities and claimed that the two toxins were insep-
arable. On the other hand, Kojima and Kodama G4a), Woodward ana Slanetz 
(94), and other investigators found that positive cat or kitten tests 
were obtained by filtrates with ~-toxin, and they concluded that the 
enterotoxin and ~-toxin were identical. It was later shown by Dolman, 
however, using human volunteers that these two factors are also entirely 
distinct, and that confusion between them had been due to the fact that 
both toxins are capable of evokinc a vomiting reaction in the feline. 
Since there had been no report of comparative studies of the vomiting 
reaction produced in monkeys and kittens by strains analyzed for both ~­
and @-toxins, Surgalla and Hite (90) made a survey of the production of 
enterotoxin and of the hemolysins by a number of strains of staphylococcus; 
a study was also made by these investigators of the reaction of kittens 
and monkeys to the administration of heated and unheated preparations of 
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strains of !mown toxigenic capacities. They found that all of the strains 
under investigation, which were uniformly found to be enterotoxic when fed 
to monkeys, also produced '{-lysin, whereas only a few of these cultures 
proved to be ~toxigenic. Others of the enterotoxic strains elaborated 
both lysins either separately or in combination. It was also observed 
that heating of enterotoxic centrifugates for 30-40 minutes at 100 C in 
order to destroy the hemolysins greatly reduced the number of positive 
reactions obtained by monkey feeding. However, positive reactions were 
still obtained in a high proportion of cases by injection of monkeys and 
kittens ~ith such heated enterotoxic filtr~tes. In addition, negative 
vomiting reactions were obtained following the injection of monkeys and 
kittens with boiled filtrates of ;.3-hemolytic strains of staphylococci, 
untreated preparations of which were non-enterotoxic when fed to monkeys. 
From these observations, it is concluded that staphylococcal enterotoxin 
and heraolysins are distinct and separable identities. It is for this 
reason that the hemolysins must be inactivated before the kitten test is 
performed to determine the presence or absence of enterotoxin L~ a given 
filtrate. To this end, either one of the two methods previously alluded 
to may be carried out: 
a. 0.3% of formaldehyde is added to the filtrate and the forma-
linized filtrate placed in the incubator at 37 C until the 
rabbit and sheep cell hemolysins are no longer detected. 
t. The filtrate is placed in a boiling water bath for ! hour 
prior to injection of the kitten. Only negligible amounts 
of the hemolysins survive this treatment, but enterotoxin 
proves heat stable. 
15 
In view of the complicated background of staphylococcal enterotoxin, 
it is not surprising that we should find discrepant reports in the liter-
ature concerned with the properties of the enterotoxin. One of the fund-
amental points of controversy concerning the properties of enterotoxin is 
the one dealing with the ~uestion of its antigenicity. In the first rec-
ord of authenticated staphylococcal food poisoning, Barber ( l) had noted 
that some of the inhabitants of the farm where the attacks took place, 
who had been consuming regularly the incriminated cow's milk, had deve-
loped a slight resistance. Barber ~,d his associates, however, ingested 
some of the milk themselves and gave themselves acute attacks several 
times without any apparent lowering in susceptibility. In 1931, Dack, 
Jordan, and woolpert (24) attempted to immunize several human volunteers 
against the enterotoxin by the adr,linistration of increasing daily doses, 
over a period of time as long as 35 days, of toxic filtrates by mouth. 
Of the five subjects studied, two appeared to have had an exceptionally 
high degree of natural resistance or immunity, while the other three 
acquired little or no immunity to the homologous filtrate and none to a 
heterologous filtrate. Dolman (33), in 1943, reported that each of three 
volunteers who took enterotoxic filtrates by mouth suffered four severe 
reactions within periods of 4 to 6 months without any noticeable limnunity 
being effected. iloolpert and Dack (95) stated that active inununization 
was successfully produced in a rhesus monkey by the administration of 
several cutaneous injections of enterotoxic filtrate; these investigators 
do not, however, supply any evidence that the animal was susceptible ini-
tially. Serum from this same monkey and from a similarly immunized rab-
bit failed to confer passive immunity upon normal monkeys given an entero-
toxic filtrate by mouth. Dolman, wiilson, and CocJa:roft (37 ) reported 
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that preliminary experiments performed by thEIII indicated positive antigenic 
properties of the enterotoxin. Kittens which were given several spaced 
injectiens of enterotoxic filtrate became resistant. Blood serum obtained 
from one of these kittens neutralized the enterotoxic properties of an 
equal volume of a potent filtrate so that the mixture proved innocuous 
when injected into a normal kitten. In 1936, Shaughnessy and Grub'b (82) 
were unable to obtain agglutinins for staphylococci isolated from impli-
cated milk in the sera of ~ of four persons affected. In another epi-
demic, however, they were able to obtain a 4 plus agglutination in a titre 
of 1:80 with two of the four strains of staphylococci isolated from the 
incriminated milk, In 1938, Dolman and Wilson (.35) stated that they were 
successful in producing an active immunity; they also stated that kittens 
showed passive protection when several minimal reacting doses of enters-
toxic filtrate were given intraperitoneal:~¥, mixed with cat, rabbit, or 
horse serum from active:~¥ immunized animals. In 1938, Minett (6$) 
reported experiments in which he had successful:cy induced active immunity 
in kittens by subcutaneous injections of formalinized filtrates; a mode-
rate degree of passive protection was observed in kittens given mixtures 
of enterotoxin and serum from immunized rabbits intraperitoneal:~¥. Also 
Davison, Dack, and Cary (28) obtained some degree of active imm.unit;y in 
1110nkeys by giving subcutaneous injections of enterotoxic filtrates, The 
serum obtained from these immunized monkeys produced passive immunity in 
kittens and a monkey, when mixed with an active filtrate and injected 
intraperitoneally, but did not produce passive immunity when the mixture 
was injected intracardially into kittens or intravenous:~¥ into monkeys. 
In 194.3, Weed, Harger, and Michael (92) brief:!¥ alluded to the production 
of an active immunity in kittens which were given an enterotoxic filtrate 
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subcutaneously. In 1941, Hammon (47), noting that a somewhat less severe 
reaction was obtained after inoculation of a second dose equal to the 
first into a cat, regardless of the time interval, stated that rather 
than ~ immunity being produced, probably a tolerance was effected, which 
tolerance is not completely lost during the rest. He went on to explain 
that this resistance or tolerance is due to a low-grade peritonitis and a 
consequently slow absorption rate, provoked by successive intraperitoneal 
injections of an active filtrate. He admitted that even when enterotoxin 
was administered intravenously to kittens, the minimal reacting dose 
increased after several injections. Using adult cats and intravenous 
injections, he found no definite neutralization of the enterotoxin by 
11hyperimmune 11 sera obtained from cats and rabbits. Hammon's strong conten-
tion that enterotoxin is indeed non-antigenic and the realization that pre-
vious reports had not reckoned with the possibility of confusing the eff-
ects upon kittens of the definitely antigenic ~ -toxin with those due to 
enterotoxin, seemed to reopen t~e issue concerning the antigenicity of 
enterotoxin. In 1944 Dolman (34) stated as follows: 
"Although enterotoxin is readily absorbed from the human gastro-
intestinal tract, and thence reaches the vomiting center, pre-
sumably via the blood stream, no effective stimulus to specific 
antibody formation appears to result. The fact that the anti-
gen, whose normal portal of entry into the body is the gastro-
intestinal tract, fails to provoke immunity when repeatedly 
absorbed by that route, makes it improbable that oral adminis-
tration of antigens not normally absorbed through the gastro-
intestinal tract could result in any significant development 
of specific antibodies." 
It is not surprising, then, that any attempt• to develop a serological or 
flocculation test for the presence of enterotoxin would prove unsuccessful; 
the development of such tests were attempted by Dolman and <dlson (36), 
but to no avail. 
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Investigations concerned with the physical and chemical nature of 
staphylococcal enterotoxin have also been carried out by a number of 
investigators. The results of these experiments are cited below. 
l. 1'h! determination £! heat stability-
Davison and Dack (26) found that when enterotoxin, obtained 
by growing a strain of staphylococcus in beef infusion broth 
and incubated aerobically, was heated for thirty minutes in 
a boiling water bath and fed in doses of 2.0 ml and 10.0 ml 
respectively to human volunteers, typical food poisoning 
symptoms were produced. Blood was also found to be present 
in the vomitus and stools of the human volunteers who received 
10.0 ml. Dolman (34), HllllllllOn (47), Jordan (5a-3), and Minett 
(6$) have reported similar results. Davison and Dack (26) 
carried out experiments to determine the effect of autocl&v-
ing on enterotoxin simultaneously with their experiments to 
determine the effect of heat. Filtrates were prepared from 
three-day cultures grown on veal-infusion agar in an envir-
onment of 2()/, co
2
• The mediwa was strained through gause 
and the fluid which was expressed was centrifuged to remove 
most of the organisms and then passed through a Berkefeld 
filter. The resulting filtrate was autoclaved for different 
lengths of time and subsequently injected intravenously into 
monkeys in doses of 0.2 ml, 0.5 ml, and l.O ml par kilogram 
of body weight. It was thus found that prolonged autoclaving, 
like prolonged heating at temperatures a'Dove 100 C, caused 
the enterotoxin to lose its potency gradually. They stated. 
that "the rate of destruction is difficult to -!Uantitate, 
however, since susceptibility to the enterotoxin in both 
man and animals varies and animals may develop a tolerance 
to the enterotoxin, 11 
2, .!!:!! effect .2£ cold storage-
Jordan, Dack, and >voolpert (57) found active filtrates to 
retain their toxicity after having been kept in an elec-
tric refrigerator at a low temperature for 67 days, In 
view of the individual differences in susceptibility in 
human volunteers, it is uncertain whether a slight loss 
of potency might not have been effected during the stor-
age period. 
3. The effect of digestion ~ proteolytic enzymes--
Getting et al (43) reported that the toxicity of staphylo-
coccal enterotoxin was in no way affected by digestion 
with proteolytic enzJ~es, Minett (66) studied the effects 
of r~1net on enterotoxin and found that the toxin is res-
istant to the enzyme; in his studies on the effect of 
trypsin on the toxin, he found that a formalinized filtrate 
containing enterotoxin was inactivated by trypsin within 
four hours, A similar destruction of enterotoxin by the 
action of pepsin was reported by Davison, Hammon (47), on 
the other hand, found that crude toxins were unaffected by 
both trypsin and pepsin, The procedure used was as follows: 
The toxin was placed in a dialyzing membrane with 2% trypsin 
at pH 8,0 and this suspended in a buffer solution of pH 8,0; 
this was incubated for 48 hours at 37 C in order to destroy 
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any other toxic material present, but the material still 
produced vomiting in all of the four cats inoculated int-
ravenously. Three other cats, none of which had been 
used for enterotoxin determination before, were inocula-
ted with 3 to 3.8 ml of culture medium which had been 
subjected to an identical digestion with trypsin, but no 
reaction followed the inoculation. In similar manner of 
analysis, a study of the effect of pepsin was carried 
out; a 2% pepsin solution in a pH of 4.3 was permitted 
to react for a period of 24 hours at 37 c. The hemoly-
sins were digested by the pepsin, but the enterotoxin 
failed to be digested. It is difficult to comprehend 
the lack of agreement in this field. It is commonly 
known that pepsin usually attacks molecules of large 
size, but in 1940, Linderstrom-Lang (64) found that some 
simple compounds were capable of being split by the pep-
sin; these exceptions eliminate the possibility of com-
puting protein complexity by peptic digestion, even if 
digestion by pepsin were found to be a constant property 
of the enterotoxin. Recent work on the specificity of 
trypsin and pepsin activity will be discussed later in 
connection with results obtained by the experimenters 
in this laboratory. Indeed, it will be borne out later 
that experimental evidence indicates that the entero-
toxin is in the form of a large complex carbohydrate 
molecule &,d not protein. 
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4. The effect of Chlorine--
Jordan, Dack, and Woolpert (57) fed a human volunteer 5.0 
ml of staphylococcal filtrate containing enterotoxin, to 
which was added 0.1 ml of 0.0915% chlorine and allowed to 
stand at room temperature for three minutes before being 
added to one half pint of milk; the mixture was then 
drunk by the human volunteer. Within 5! hours typical 
symptoms of food poisoning were observed. Jordan, Dack, 
and .ioolpert thus concluded that chlorine in the concen-
tration stated above is not effective in destroying ent-
erotoxin. 
5. The effect of acid and of alkali--
In reviewing the literature in regard to the effect of 
acids on enterotoxin, one finds that the results obtained 
by the investigators are not always in agreement. In 
1938, Minett (66) reported the results which he obtained 
by treating two samples of a boiled filtrate with suffi-
cient hydrochloric acid to give a resulting pH of 5.0 
and incubating the filtrate thus treated at room temper-
ature and at 37 C. In one case, enterotoxin resisted 
overnight exposure at 37 C, but after one week at room 
temperature, the enterotoxin lost its potency; in the 
other case, the filtrate was still active after one week 
at room temperature. Minett states, "'l'hese tests indi-
cate that enterotoxin sometimes resists short exposures 
at pH 5.0." Hammon (47), realizing that in vivo the 
enterotoxin is resistant to an even lower pH since man is 
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susceptible to the toxin when taken orally, lowered the pH 
of a culture of enterotoxin to pH 4.5 and found active toxin 
in the supernate after incubating for 24 hours at 37 C, 
Similar treatment with sodium hydroY~de at pH 8,0 and pH 8,2 
indicated that the enterotoxin was in no ~<ay affected, 
Jordan and Burrows (54) report a marked instability of ent-
erotoxin in N/100 sodium hydroxide and in N/100 hydrochloric 
acid when heated. 
6, The effect of formalin--
Enterotoxin is resistant to a loli concentration of formalin 
incubated at 37 C for 36 to 48 hours (67). Filtrates which 
were treated with formalin at a final concentration of 0.3% 
for periods of time varying from 36 to 48 hours and diluted 
1:1000 still produced vomiting in kittens. In another exper-
iment, enterotoxin was inactivated by 0.3% formalin after an 
incubation period of 10 days at 37 C (67). 
7. The action of chloroform--
Jordan and Burrows (54) stated that enterotoxin is completely 
removed from an acid aqueous solution by extraction with 
chloroform; they were unable, however, to conclude whether 
the toxin was actually dissolved or merely adsorbed on the 
chloroform globule, since the preparation which they fed to 
their laboratory monkeys was ru1 emulsion of chloroform and 
filtrate, To study this point still further, Davison and 
Dack (26) extracted a filtrate containing enterotoxin with 
three portions of chloroform and then broke up the final 
emulsion of chloroform and filtrate by centrifuging for one 
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hour. Three fractions were thus obtained for testing: the 
supernatant li~uid from the original emulsion, the chloro-
form layer obtained after centrifugation, and the superna-
tant fluid obtained by centrifuging the emulsion. After 
subs~1uent removal of the chloroform from the fractions by 
means of evaporation in a strong current of air at room temp-
erature and storage in the incubator overnight, the residue 
was taken up in olive oil or suspended in a salt solution. 
No vomiting was effected in monkeys fed the extract taken up 
in olive oil or in kittens injected intracardially with the 
extract in saline. The supernatant fluids when fed to mon-
keys or when boiled and injected intracardially into kittens 
caused vomiting. It is thus concluded that the enterotoxin 
is not extracted from an enterotoxic filtrate by chloroform. 
B. '!'he effect of ether-
H8Jlllllon ~7 ) was unable to obtain any active enterotoxin in 
ether extracts, but, on the contrary, he found it in the 
residual culture filtrate. Jordan and Burrows ( 51.) were able 
to remove the enterotoxin from an acid aqueous solution com-
pletely by extraction with ether, as well as with chloroform, 
as judged by the production of diarrhea in monkeys given 
intravenous injections of the material. They state also that 
enterotoxin is similarly extracted from an alkaline solution 
with either ether or chloroform, but the deleterious effect 
of the alkali tends to mask such removal. 
9. The dia].ysis of enterotoxin-
Jordan and Burrows ( 54) illustrated that enterotoxin is not 
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readily dialyzable. Vunett (66) reported that only a slight 
diffusion of the enterotoxin through collodion was demon-
strable. Davison (26) was able to show that the toxin is 
capable of passing through a collodion membrane of 3.5 mil-
limicrons pore size. If we bear in mind that a particle 
passing through a small membrane is one third to one half 
the size of the pore, as stated by Elford (39), the upper 
limit of molecular size of the enterotoxin is about 1.7 
millimicrons. 
10. The solubility in alcohol--
Davison and Dack (26) treated enterotoxic filtrates over a 
wide range of pH with two different concentrations of ethyl 
alcohol. Fractions were precipitated with 50% and with 76% 
alcohol at pH of 6.8, 7.2, and a.o. In each case, the mix-
ture was refrigerated overnight and the resulting alcohol 
precipitate as well as the filtrates were assayed for enter-
otoxin by intravenous injections into kittens. Although 
conditions of pH, time, temperature, etc., were controlled, 
the results obtained at one time were not always duplicated 
when a procedure was repeated. Hanunon ( 47) has been able 
to precipitate enterotoxin from a crude casein hydrolysate 
filtrate and frorr, an infusion broth filtrate with ethyl 
alcohol. The enterotoxin was first dialyzed and 0.8% sod-
ium chloride was then added as an electrolyte to the dialy-
sate. One volume of the dialysate containing the entero-
toxin was then treated with a volume of 95% ethyl alcohol 
and stored at 2 C for 24 to 48 hours; the sediment thus 
formed was collected after centrifuging and was redissolved 
in physiological saline solution before testing. In those 
cases where the enterotoxin had not been previously dia-
lyzed, no adjustment was made of either the pH or of the 
electrolyte concentration. 
ll. Precipitation with ammonium sulfate-
Davison and Dack (26) found that enterotoxin is consistently 
salted out from saturated solutions of ammonium sulfate but 
not from half-saturated solutions. Previously, H81!lll1on (47) 
had found that practically all of the oc- and i3-hemolysins 
were precipitated by 65% saturation and 75% saturation with 
ammonium sulfate, whereas the enterotoxin itself remained in 
solution. Sterile media and cultures of non-enterotoxigenic 
staphylococci treated in a similar manner invariably failed 
to produce vomiting in cats. 
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In vitro studies to determine the physiological effect of staphylococcal 
enterotoati.n on intestinal mucosa were carried out by itichmond, ,(eed, 
Shaughnessy, and Michael (75), who worked with isolated rabbit intestine 
segments. The enterotoxin to be used was prepared by the techniiue of 
Dack and Woolpert. Cultures of the staphylococcus strain were grown on 
semisolid veal infusion medium in an atmosphere of high carbon dioxide; 
the toxin was separated by Berkefeld filtration and the enterotoxic fil-
trate was adjusted to pH 7.3. The resulting filtrate was mixed ~~th a 
constant volume of rlinger 1 s solution and enclosed in separate serum bot-
tles until needed. In all the tests, two types of control medium were 
used. One consisted of extracts made by the same techniY.ue from cultures 
of airborne strains of staphylococcus; the other one was prepared in a 
similar manner from un-inoculated medium, 
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The experimental techni~ue employed was as follows: Contiguous 
segments of jejunum about 4 em long were isolated ir.mediately after the 
rabbit was killed by a severe blow on the neck, These segments were then 
suspended in oxygenated Ringer's solution at pH ?,J and 38 C. In order 
to determine the role of the intestinal mucosa, one segment was closed 
by ligatures and the everted rosettes of mucosa were then removed com-
pletely, Any internal air pressure which had to be removed was effect-
ively done so by means of a fine hypodermic needle, I'he other segment 
was suspended in such a manner that the fluid freely circulated through 
the lumen, A constant volume of 60 ml of solution was maintained in the 
bath for each segment during the test, and before any test soll;tion <.-as 
added to the mediun an e~uivalent volume of Ringer's solution was ra~oved 
by siphoning it off, 
These experiments indicated a definite increase in the tonicity of 
the smooth muscle of rabbit gut in vitro, The pre'nous observations of 
Dolman et al.--that it was not necessary for the staphylococcal entero-
toxin to be absorbed through the intestinal mucosa to produce its effects 
on the smooth muscle of the gastro-intestinal tract in vivo--were con-
firmed by this later work of Richmond et al, 
An attempt to purify enterotoxin •<as made by Hammon (47), using a 
combined ammonium sulfate and alcohol treatment, The ~wn antigenic 
hemolytic and dermonecrotic substance •<as fii"st precipitated out of 
solution with 65fo ammonium sulfate, and the enterotoxin was subse,.J.uently 
precipitated from the dialyzed supernate with alcohol, ~wo volumes of 
95% alcohol were added to one volume of toxin and the mixture stoi"ed at 
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2 C for from 24 to 48 hours. This procedure was carried out t•'lice with 
filtrates prepared from a kno1tn enterotoxin producing strain of staphy-
lococcus grown in a casein hydrolysate ruedium; a control procedure was 
repeated on a known non-enterotoxigenic strain. The final precipitate 
obtained in each case was redissolved in a volume of distilled water 
e.1ual to 41J/o of the original volume of the original toxin. For inocu-
lation, 0.8% of sodium chloride was added. Although considerable loss 
occurred, a reasonable titre of toxin was found in each preparation ori-
ginally kno'dll to contain enterotoxin. No reaction was obtained by the 
inoculation of the control material. 
Quantitative and qualitative analysis of a portion of the precipi-
tate obtained from the known enterotoxigenic strain indicated that there 
was no detectable amount of nitrogen present by the micro-Kjeldahl method. 
'fhe total solids present were found to be 1.8 mg per ml. The Biuret 
test was negative and the Nolisch test was positive. A Folin--,ffi quanti-
tative blood sugar test done after hydrolysis for l hour with 1.5% hydro-
chloric acid at 100 C indicated the presence of reducing sugar equal to 
0.1 mg of glucose per l ml of solution. Hammon states that, "It seems 
probable from this evidence that the active substance is in the form of 
a large, complex carbohydrate molecule, and is not a protein." 
Nuch investigation has been carried out to determine an appropriate 
medium for optimum production of enterotoxin by an enterotoxigenic strain 
of staphylococcus. As was stated aboYe, the first experimental derr:on-
stration that staphylococci were capable of producing food poisoning was 
by Barber (l ) in 1914, when he noted tYPical food poisoning s~cmptoms in 
human volunteers after ingestion of milk previously inoculated with a 
white staphylococcus obtained from bovine mastitis {quoted from G. M. Dack, 
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Food Poisoning). Later preparations for toxin production were based on 
Burnet's infusion broth-agar medium with mixtures of carbon dioxide and 
oxygen. In 1930, Dack, Cary, ;ioolpert, and liiggers (23) were able to 
obtain enterotoxic filtrates using veal infusion broth cultures; in 1933, 
Hoolpert and Dack ( 95) obtained more potent toxins in semi-solid veal 
infusion agar cultures similar to those used by ~urnet for the produc-
tion of hemolysins; in 1938, Dolma.'l and .filson (35) obtained very good 
results using a proteose-peptone semi-solid agar. All these media, 
ho«ever, are very complex and therefore objectionable since a more sim-
ple medium would be more desirable in the study of staphylococcal entero-
toxin. In 1939, Mueller ( 67) had developed a medium containing casein 
hydrolysate, certain amino acids, inorganic salts, nicotinic acid, and 
maltose for the production of diphtheria toxin. Using this as a basic 
medium and noting the effects of systematically removing certain ingred-
ients, adding vitamin B1 and substituting glucose for maltose, Favorite 
and Hammon Q.O ) developed a very simple medium which gave a favorable 
production of enterotoxin. 
l-ledium of Favorite and Hammon 
Per 100 ml 
Casein Hydrolysate • . . . . . • • . • • 1.5 grams 
Thiamin Hydrochloride (Vitamin ~) • • 0.5 gamma 
Nicotinic Acid . • • • • • • . • 120 gammas 
Distilled water to a volume of • • • 90 ml 
Phenol red, 0.2% . . . . . . . • .• 0.4 ml 
The pH is adjusted to 7.6 with 40% sodium hydroxide and the 
volume of the medium is brought to 99 ml. It is then auto-
claved for 10 minutes at 10 pounds pressure. when cool, 
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1 m1 (0.25 gram) of sterile, 25~ glucose is added. 
In 1947, Surgalla (89) investigated enterotoxin formation in progres-
sively simplified media, beginning with a medium similar to the one deve-
loped by Gladstone (45), containing 16 amino acids. Concurrent jnvestiga-
tion was made on the effect of glucose concentration on enterotoxin form-
ation in simple media. Enterotoxin was detected in the supernatants of 
cultures grown in media containing from 2 to 16 amino acids as the source 
of organic nitrogen, the most simple medium used successfully containing 
the amino acids arginine and cystine. Both toxin production and growth, 
however, seemed to be reduced in the more simple media, probably because 
of the decreased amount of available nitrogen present. Enterotoxin was 
found in media containing glucose in concentrations ranging from 0.2 to 
20.0%. 
Other factors which favor enterotoxin production by enterotoxigenic 
staphylococci are (1) the employment of an atrr~sphere containing 20 to 
25% C02, and (2) agitation or rotation of li~uid cultures. 
CHAPTER II 
EXPERINENTAL Prl.OCEDUltE AND RESULTS 
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Introduction to Experimental Procedure 
The object of this investigation is the staphylococcal substance 
which >Te now call enterotoxin and which we know to be the factor res-
ponsible for staphylococcal food poisoning in man. The lack of immuno-
logical response of animals to this substance, as well as the excep-
tional heat resistance of the enterotoxin, immediately suggests that it 
is indeed quite different from other known bacterial exctoxins. 
For the experimental work several strains of StaphYlococcus aureus 
were obtained; enterotoxigenicity of these strains was tested, and those 
strains which demonstrated good enterotoxin production were used through-
out the experimental procedure. The strains tested were the following: 
Strains I, II, III, IV, V- Obtained from Dr. Matthew Derow; iso-
lated from throat and nasal cultures of carriers during 
outbreak of diarrhea in nursery. 
Strain ATCI - Obtained from the American Type Culture Laboratory; 
Strain ATCII - Number 9662; obtained from the American Type 
Culture Laboratory; 
Strain 8 - Obtained from Dr. G. M. Dack of the University of 
Chicago; isolated from cake in 1930; 
Strain 161 - Obtained from Dr. G. M. Dack; isolated from sand-
wiches in 1935; 
Strain 196 - Obtained from Dr. G. H. Dack; isolated from ham 
in 1940 by Dr. G. G. Slocum; 
Strain 224 - Isolated from banana cream pie in 1947; obtained 
from Dr. G. G. Slocum of the Federal Security Agency; 
Strain 225 - Obtained from Dr. G. G. Slocum; isolated from 
boned turkey in 1947; 
Strain 230 - Obtained from Dr. G. G. Slocum; isolated at the Nat-
ional Institute of Health from cheese several years ago. 
All of these strains were maintained on tryptic digest agar (described on 
page 33) slants, fresh slants being made every four weeks and stored in 
the refrigerator. The colonies produced by these strains were of a 
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golden-yellow color, with only slight variation from one strain to ano-
ther. 
As was stated above, there is no ~uantitative test for enterotoxin, 
since the nature of the enterotoxin is not known. The method for detec-
ting the presence of enterotoxin in a staphylococcal filtrate is still 
dependent upon the use of the Dolman kitten test (intr~peritoneal injec-
tion) or of the Davison kitten test (L~travenous injection). In all of 
the experimental work herein, the presence of enterotoxin was deterrrdned 
by the Dolman kitten test; in all cases, appropriate control tests were 
done. In some instances, it was necessary to administer sodium pento-
barbital to the kitten in order to perfonn the test; whenever it \tas used, 
30 mg per kilogram of body weight were given. ( ,;e micht mention here 
that the use of this anesthesia was first mentioned by Phatak and Pentler 
(71) in 1940. Any positive reaction obtained is more specific, for there 
is no excitatory stimulation, but perhaps less sensitive.) The kittens 
used in this labor~tory ~<ere six to eight weeks old and weighed 450 to 
1500 grams. In some cases, it was necessary to use older and slightly 
heavier cats but at least one young kitten was injected simultaneously. 
Only animals which appeared to be in good health were ever used, since 
there is no indicatio~ that spontaneous voreiting occurs in the healthy 
animal. Vomiting produced within two hours after the time of injection 
was considered as a positive reaction to enterotoxin, A test uas consi-
dered negative only if a dose of at least 3 ml failed to produce the 
vomiting reaction in at least two cats, neither of which had been pre-
viously used in the test. 
The procedure employed for the intra-abdominal injection of the 
kitten with the unkno~<n filtrate is as follows: The culture filtrate is 
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centrifuged and subsequently filtered through a Hormann filter. The 
filtrate is then heated for thirty minutes in a water bath at 100 C in 
order to inactivate the hemolysins. The pH of the filtrate should be 
about 7.0. It is now ready for testing, after being cooled to room 
temperature. The kitten is placed on its back on a board fitted •,<ith 
strings with which the animal can be tied down. If the animal is not 
too active, it is possible to hold him down firmly with the left hand. 
Hith the right hand, a slow injection is made into the abdominal cav-
ity. The animal is placed back into his cage and closely observed for 
the first indication of the typical symptoms of staphylococcal food 
poisoning. Any kitten which gave a positive reaction was used a second 
time for assaying enterotoxin only after at least two weeks had elapsed 
since the first injection. Any kitten which gave a negative response 
was used a second time. The follo~~ng illustrates the s~uence of 
events in the production of a typical case of staphylococcal food poi-
soning in the kitten: 
CAT NO. 
\'lEIGHT 
10:10 
10:35 
11:00 
11:16 
11:20 
11:25 
11:30-
12:00 
12:20 
12:30 
4:00-
8 No previous injection given 
844 g. 
2.5 ml of test filtrate administered intra-abdominally; 
no anesthesia used 
hard feces expelled 
vomiting 
vomiting 
vomiting 
soft, bloody feces expalled 
shivering; animal all cramped up 
vomiting slightly 
condition much improved 
animal progressively improving 
animal completely recovered 
Preliminary Procedure 
Experiments were performed to determine the medium and those environ-
mental conditions for optimum production of enterotoxin by the strains of 
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StaphYlococcus aureus available for our use. Growth experiments were at 
first carried out to determine the medium most suitable for the growth 
of these strains. The three media first used in these preliminary det-
erminations were the Leonard and Holm medium, the Leonard and Holm modi-
fied medium, and tryptic digest medium. 
Preparation 2! ~ modified tryptic di«est medium 
l. Free beef hearts from fat; grind; place in deep freeze over-
night after determining weight of ground meat. 
2. Add 1.66 ml of distilled water for each gram of ground meat. 
3. Heat to 80 C and then cool to 45-40 C, 
4. Add 1,66 ml of 0,8% sodium carbonate for each gram of ground 
meat. At this time, also add O,Ol2 gram of Difco pancreatin 
for each gram of meat, Stir well and at frequent intervals 
subsequentl:y. 
5. Add enough chloroform to cover the surface of the mixture, 
6. Place in the incubator at 37 C for 5 hours to digest the 
meat. Remove from the incubator and store overnight in the 
refrigerator. 
7. Boil and add approximatel:y l N HCl, 0,25 ml per gram of meat. 
As soon as the material boils, lower the flame, for at this 
stace there ~ be considerable foaming. 
8. Boil gentl:y for 20 minutes. Strain the meat thro~ a coarse 
filter made of absorbent cotton and gauze. 
9. Measure the volume and add enough water to bring the volume 
to the total amount of liquid added. A small loss in volume 
usuall:y occurs due to evaporation. 
lO. Adjust to pH 7 .4. Boil for five minutes or until a definite 
precipitate forms. Filter through good grade filter paper. 
ll. Dispense as desired, and autoclave for .30 minutes at l5 pounds 
pressure. 
N, B. If solid medium is desired, add agar to make a 2% solution 
after pH adjustment, Boil, Filter. Reheat medium at that 
time and add the desired amount of agar, 
For adjustment of pH with the glass electrode, measure out 50 
ml of medium and record the volume of N/lO NaOH necessary to 
adjust this volume to pH 7 .4. Adjust main batch with lO N NaOH, 
Preparation of the Leonard and 1:!21!!! medium (63 ) 
Grams per liter 
NaCl . • • • • • • • • 5.0 
K2HP04 • • • • • • l.O 
KH2P04 • • • • • • • • • l.O NgSO 
• • • • • • • • • 0.2 CaCl4 • • • . O.l 2 
Ammonium lactate • • • • 5.0 Difco proteose peptone . • • • 20.0 
Distilled water to make • • • • one liter 
Dissolve the sodium chloride in about 4afo of the water and add 
the peptone to this. To this add the anunonium lactate and then 
the other salts, each dissolved separately in small volumes of 
water (5 to 10% of the total volume). Add distilled water to 
required volume. Adjust to pH 7o4o Bring medium to boil, and 
continue to boil for about 10 minutes. Have mixture covered 
to prevent evaporation. 1-ieigh and make up evaporation loss 
with water. Filter through soft .filter paper and dispense into 
sterile tubes and flasks of the desired size. Autoclave for 15 
minutes at 15 pounds pressure. 
Preparation ££ the Leonard and Holm modified medium (49) 
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The preparation of this medium is exactly like that of Leonard and 
Holm described above; however, the ammonium lactate is omitted 
and the amount o.f Difco proteose peptone used is increased to 40 
grams per liter of medium. 
Ir, comparing the three media with tt.e several strains of Staph:rloco~aus 
aureus, series of tubes were set up, each containing 10 ml of the medium to 
be tested. The cultures for inoculation were all grown in tryptic dige3t 
liquid medium; a test tube containing tryptic digest liquid medium was inc-
culated 1lith the appropriate staphylococcal strain from the stock slant; 
from an 18-hour sub-culture ~as prepared a five-hour sub-culture, one loop-
full of which was used as the inoculum for the tubes of medium being tested. 
Growth was observed by the naked eye over a period of five days, during 
which time the tubes were in an incubator at 37 c. Turbidity due to grot'lth 
was recorded as negative, slight, heavy, and very heavy. The strains which 
were on hand at this time and which were therefore tested were Strains I, 
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II, III, IV, V, ATCI' and ATCII• The results of this procedure are sum-
marized in Table I, from which it can be seen that tryptic digest medium 
proved to be the most favorable. 
It was next determined whether or not these strains were enterotoxi-
genic. For this purpose, the staphylococcus strains were grown in 25Q-ml 
Erlenmeyer flasks containing 50 to 85 ml of tryptic digest liquid medium. 
The inoculum used was 0.10 ml of a six-hour sub-culture obtained by sub-
culturing the given strain in the medi~ every 18 hours for three days. 
After the flasks have been inoculated, the air is replaced by a gaseous 
mixture containing 25% C02 and 75% 02 and the flask then placed in the 
incubator at 37 C for four days. In all cases the gaseous mixture is 
replaced by a fresh mixture on the second day of incubation. It was found 
that replacement of the gaseous mixture every day for the four days of 
incubation did not increase the enterotoxin potency of an enterotoxigenic 
strain; in some cases in this laboratory, it was found to cause a decrease. 
During the incubation period, the flasks were ~gitated and sh~~en as oft&l 
as possible in order to expose a fresh surface to the gaseous mixture. 
After incubation, the cultures are centrifuged and filtered through a 
Hormann filter; the pH of the filtrate is adjusted to pH 7 .o and it is 
then heated for 20 to 30 minutes in a water bath at 100 C; it is now ready 
to be tested. It was found that an intra-abdominal injection of 2.5 ml 
of Strains V, ATCI' and ATCII produced positive reactions. ~uantities of 
at least 6.0 ml of the other strains proved to give negative results. 
Hence, Strains V, ATCI' and ATC II were used throughout this work. vlhen 
similar tests were carried out on the other strains mentioned in the list 
of strains mentioned above, which strains were obtained at a later date, 
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TABLE I 
DETECTION OF GRO\frH OF THE STAPHYLOCOCCAL STRAINS ON VARIOUS MEDIA 
I 
' Growth Observed (days) 
Strain 1 Medium ~-------------------------------------------------
I 
II 
1st 2nd 3rd 4th 5th 
I 
' Tryptic Digest 
1 Leonard & Holm 
sl. 1 heavy 'very heavy 1---------L---
1very sl.'ver'J sl.'----------1---------1---
'Leonard & Holm(modified) 1 sl. 1 sl. '----------~---------~---
1 Tryptic Digest sl. 
1 Leonard & Holm 1 neg. 
'Leonard & Holm(modified) 1 sl. 
1 Tryptic Digest sl. 
1 heavy 
neg. 
sl. 
I 
1 ve~~ heavy'---------1---
' v. sl. --1---------1---
1----------l---------1---
III 1 Leonard & Holm ' neg. 
' heavy 'very heavy'---------~-­
neg. 1 v, sl. --l---------1---
'Leonard & Holm(modified) 1 neg, neg. 1----------1---------1---
1 Tryptic Digest sl. 
IV 1 Leonard & Holm ' neg. 
' hea~J 'very heavy 1 ---------~--­
neg. 1 v. sl. --~---------~--­
neg. sl, --1---------1---
v 
'Leonard & Holm(modified) 1 neg. 
I 
I I 
1 Tryptic Digest sl. ' heavy •very heavy'---------1---
sl. ' v. sl. 1 sl. --~---1 Leonard & Holm sl, 
'Leonard & Holm(modified) 1 v, sl. ' v, sl, 1 sl, sl, 1 heavy 
' Tryptic Digest 
' Leonard & Holm 
'Leonard & Holm(modified) 
' Tryptic Digest 
1 Leonard & Holm 
'Leonard & Holm(modified) 
sl, 1 heavy 'very heavy'---------1---
neg. neg. 1 v. sl. sl. -~---
1 v. sl. ' sl. --~---------~---------~-­
' 
sl. 1 heavy 1very heavy' 
1 neg. neg, ' neg. ' 
1 v. sl. 1 sl. 1 sl. 
I 
--------1---
sl, --1---
sl. ' heavy 
it was found that all except Strain 8 were enterotoxigenic when grown under 
the conditions described above. 
It was noted that in other laboratories where research was being car-
ried out or had been carried out on staphylococcal enterotoxin much use 
had been made of a semi-solid nutrient agar medium; one such medium is 
the "semi-synthetic" medium as described by Dolman and ovilson 6~, a med-
ium which has been reported to give very good enterotoxin production when 
inoculated with an enterotoxigenic staphylococcus. Accordingly, some of 
this medium was prepared as follows: 
Difco proteose peptone 
Sodium chloride , • • 
• • • • 
• • • • 
• • • 
• • • 
• • •• 
• 
20.0 
5.0 
Dissolve in 500 ml of distilled water. To this mixture 
add the following salts in aqueous solution: 
Dipotassium hydrogen phosphate • • • • • • 1.00 
Honopotassium dihydrogen phosphate • • • • • 1.00 
Magnesium sulfate 
• • • • • • • • • • • • • 0.20 Calcium chloride 
• • • • • • • • • • • . • 0.10 
The solution is brought to the boiling point, made up to 
one liter volume, the pH adjusted to 7 .h and autoclaved 
at 15 pounds pressure for 30 minutes. This forms the 
nutrient base for the medium, which may be converted to 
semi-solid consistency, when required for use, by the 
addition of 0.3% of powdered agar, follo11ed by resteri-
lization in the autoclave for use. 
The medium is poured into petri dishes while still hot 
to a depth of 0.5 to 1.0 em, \Vhen cool, the surface is 
seeded with a few drops of a five-hour culture of the 
staphylococcal strain. 
This procedure was carried out for two of the staphylococcal strains known 
to be enterotoxigenic. Following inoculation of the plates with five-hour 
cultures of Strain ATC1 and ATC11, they were stacked in a large anaerobic 
jar containing 30% C02 and 701o o2• This jar was incubated at 37 C for 48 
hours, the gaseous mixture having been replaced by a fresh mixture after 
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the first 24 hours of incubation. The total contents of the plates were 
freed from agar by squeezing through several l~ers of cheese cloth. 
The resulting ndxture was centrifuged, and the supernatant thus obtained 
was passed through a Hormann filter. The pH of the filtrate was adjusted 
to pH 7.0; the filtrate was heated in a water bath at 100 C for 30 min-
utes before testing for enterotoxin content. 
This method proved to produce an enterotoxic filtrate in each case; 
a minimum of 2.0 ml was re.,_uired to produce a positive reaction in the 
kittens, as compared to a minimal dose of 2.5 ml rE!Cj_uired by the same 
strain when grown on tryptic digest. It was, however, a very tedious 
procedure, and, in addition, much of the filtrate seemed to be lost 
throughout the process. It was decided not to employ this medium, fol-
lowing this attempt. 
The next medium to be tried was the very simple casein hydrolysate 
medium of r'avorite and Hammon (ho ), prepared as follows: 
Casein hydrolysate • • • • • • • • 1.5 grams 
Thiamin hydrochloride • • • • • • • 0.5 gamma 
Nicotinic acid • . • • • • • • • • . 130 gamma 
Distilled water to a volume of • • 90 ml 
The pH is adjusted to 7.6 with 40% NaOH and the volume is 
broY.ght to 99 ml. It is then autoclaved for 10 minutes 
at 10 pounds pressure. Wben cool, l ml (0.25 gram) of 
sterile, 25% glucose is added. 
This latter medium proved to be not only very simple in nature but 
also in its handling. It w-as also found to produce very good enterotoxic 
filtrates. A very slight modification of this preparation was made, and 
an even more advantageous medium w-as prepared by dissolving 15 grams of 
casamino acids and 5 grams of yeast extract in enough distilled water to 
make up to 1 liter. The pH of this medium is adjusted to pH 7.4 with 
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40% NaOH, and it is then autoclaved at 15 pounds pressure for 20 minutes, 
This medium was an excellent one for use here due to the absence of any 
substance of complex nature, 
All subsequent preparations of staphylococcus enterotoxic filtrates 
were obtained as follows: A sub-culture is prepared by inoculating a 
test tube containing 10 ml of li~uid tr~~tic digest medi~ from the stock 
slant; this is incubated at 37 C (or, preferably, at 30 C, as it was later 
determined) for 18 to 24 hours, Subsequent transfers are made for three 
days at 18-hour intervals, the last one being allowed to grow for five 
hours, before it is used to inoculate the 250 ml Erlenmeyer flask con-
t.a.ining 50 to 85 ml of the casamino acid mediurr. or tr~tic digest medium, 
0,10 }U of the five-hour culture is used for this inoculation, In those 
cases where the casamino acid medium is used, at least two sub-cultures 
are made in tubes containing 10 ml of the casamino acid medium, the last 
one being allowed to gro;; for five hours before being used, This was 
found necessary in order to get the strains accumtomed to the medium, 
The air in the flask is replaced by a gaseous mixture containing 3~~ C02 
and 7~t 02, and the flask is incubated at 37 C or 30 C for three or four 
days. At the end of 48 hours, the gaseous mixture is replaced by a fresh 
mixture, Since no rotating mechanism was available in the incubator, and 
since it was found necessary by previous workers to constantl~" mix the 
flasks' contents to insure optimum production of enterotoxin, the flasks 
were shaken by hand as often as was possible, After the third or fourth 
day, the contents of the flask are centrifuged; the supernatant is passed 
through a Hormann filter, The pH of the filtrate thus obtained is adjus-
ted to 7,0, and the filtrate stored in a tightly stoppered bottle in the 
refrigerator, Just prior to the enterotoxin assay, the filtrate is heated 
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for 30 minutes in a water bath at 100 C. If the Dolman kitten test indi-
cates an enterotoxic filtrate, the filtrate is ready for use. 
After the preliminary experiments were performed to determine the 
optimal conditions for the production of enterotoxin by enterotoxigenic 
staphylococci, various investigations were made of the procedure for 
isolating and purifying the enterotoxin, followed by a study of its 
physical properties and chemical nature. Attenpts to isolate the entero-
toxin were done by (1) simply changing the pH of the filtrate by adding 
NaOH, NaAc buffer, cH3cooH, or HCl, (2) by applying the multiphase system 
of protein fractionation as employed by Cohn, tiisall et a1. ~ in the 
fractionation of blood proteins, (3) use of CC13CooH as described by Boivin 
and Izard (7 ), (4) use of definite concentrations of ammonium Sl,l.lfatil, 
and finally (5) use of ethanol, without any further adjustment of the 
filtrate. Each one of these will be described in full below. 
Other tests done on either the active filtrate or the enterotoxic 
fraction obtained by the combL~ation of ammonium sulfate precipitation-
eth~~ol precipitation include the following: (1) the effect of dialysis, 
(2) results of reaction with the protein enzymes trypsin, pepsin, and 
papain, (3) the effect of ultrafiltration, (4) the determination of the 
simultaneous occurrence with staphylococcal enterotoxin of staphylococcal 
hemolysins (~- and (3 -), staphylococcal dermonecrotic toxin, and staphy-
lococcal lethaltoxin, and (5) optical activity determination. Chemical 
analyses done on the precipitated enterotoxic fraction include (1) the 
reducing sugar content, (2) phosphorus detP-rmination, (3) nitrogen deter-
mination, (4) glucossmine determination, (5) amino nitrogen detern:ir,ation. 
Holecular weight determinations were carried out on samples of the puri-
fied substances, using the llast method, 1-thich is based upon the well known 
principle of the depression of the freezing point of a solution, using 
camphor as a solvent. Each of these procedures will be described in 
turn. 
Precipitation ~Eli adjustment ~ 
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15 ~il of an active filtrate prepared according to the procedure 
described above were placed into each of six beakers, I, II, III, IV, 
V, VI, which were placed in an ice bath at -5 c. Sufficient HCl vias 
added to I to give a pH of 3.0 and to II to give e. pH of 3.5. Into 
beakers III, IV, V, and VI were added just enough HAc to give a pH of 
4.0 in III, pH 4.5 in IV, pH 5.0 in V, and pH 5.5 in VI. (All pH det-
erminations were done with a pH meter at room temperature.) The con-
tents of each beaker 1<ere thoroughly mixed ancl allowed to stand in the 
refrigerator for 48 hours; at this time it was noted that definite 
precipj_tates had formed in beakers I, II, III, and IV. Since no preci-
pitation was obvious in the other beakers, they were allowed to remain 
in the cold for three more days; no precipitate or even turbidity was 
noted at the end of this time and the contents of beakers V and VI were 
discarded after the Dolman kitten test was applied, It was found that 
these filtrates retained their original potency. 
The contents of beakers I, II, III, and IV were separately centri-
fuged in the refrigerated centrifuge for 30 minutes. The precipitate 
obtained in each case was dissolved in 10 mJ. of sterile physiological 
saline, The pH was adjusted to 7.0. Both the supernatant liquid and 
the dissolved precipitate obtained in each case were tested for entero-
toxin activity. In each of the cases, 6.5 mJ. of the dissolved precipi-
tate failed to give a positive test. 3.0 ~il portions of each of the 
supernates were capable of provoking vomitine in the kittens. 
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Each determination was duplicated and similar results were obtained. 
Similar treatment uas carried out on a known non-enterotoxigenic strain 
of staphylococcus; in no case did it provoke vomiting in the kitten. 
Similar procedure was carried out at pH 1.0, pH 1.5, pH 2.0, pH 2.5, 
pH 8.0, and pH 8.5. HCl was used to obtain the pH values in the acid 
range; NaOH was used to obtain the pH values in the basic range. At pH 
8.5, the formation of an immediate turbidity was noted. All of the con-
tainers were kept in the refrigerator for 48 hours. No precipitate was 
observed in any of the containers, except in that one at pH 8.5. This 
mixture at pH 8.5 was refrigerator centrifuged, but very little preci-
pitate settled out. The cloudy supernate still retained its enterotoxic 
potency as originally determined. The precipitation a.t pH 8.5 was repea-
ted on 75 ml of a staphylococcal filtrate, 2.5 m1 of •-lhich gave a posi-
tive Dolman kitten test. After being stored in the refrigerator for 
three days, a definite precipitate was formed, which was removed by cen-
trifugation at low temperature. The precipitate was dissolved in 10 ml 
of sterile physiological saline; the pH of the resulting mixture was 
adjusted to 7 .0. Wben the Dolman kitten test was applied, a negative 
reaction >ras obtained; the filtrate retained its original enterotoxic 
potency. 
hben the similar procedure was performed at pH 9.0, pH 9.5, and pH 
10.0, a precipitate was obtained at pH 9.5. wben 3 ml of a solution con-
taining this precipitate, obtained by refrigerator centrifugation, dis-
solved in 10 ml (one half the original volume) of sodium phosphate buffer 
at pH 7.4 were injected intra-abdominally into a kitten, a positive test 
was obtained. 5.0 Ml of the supernatant failed to give a positive test. 
The precipitation was repeated on three different samples of enterotoxic 
filtrates at pH 9.5 at 0 c. In none of these was an active precipitate 
obtained; in only one case had a definite precipitate separated out of 
solution, but when it vras obtained by centrifugation at lo•• temperature 
and dissolved in one half of its origi.:1al volume of physiological sal-
ine, it did not possess enterotoxic properties. Table II summarizes 
these results. 
It was at this time decided that the failure to precipitate entero-
toxin may have been due to the absence of alcohol as the precipitating 
agent at a given pH. The protein precipitation method employed now was 
essentially that of Cohn, Edsall et al. ~, involving the precise 
adjustrnP.nt of ethanol concentration as well as pH and ionic strength 
under carefully controlled conditions of temperature. This method has 
been successfully used in the separation and purification of other bac-
terial toxins; Pillemer et al. (72) have applied a modification of this 
procedure usj~g methanol to the separation of staphylococcal hemolysins; 
in t~laboratory, it has been successfully applied to the precipitation 
of staphylococcal coagulase. The theory concerned in this multiphase 
system of protein fractionation has been carefully explained by Cohn, 
Edsall, et al. (~, but ue may make brief mention of it here. The 
charged condition of the proteins is determined by the ethanol concen-
tration of the mixture and by the pH of the mixture and plays a most 
important role i.;1 the separation of the toxin from solution. The temp-
erature is kept at a level below the freezing point of the mixture under 
investigation in order to avoid any protein denaturation. A balance of 
the five variables, i.e., protein concentr,tion, pH, ethanol concentra-
tion, temperature, and ionic strength, permits a large number of experi-
mental conditions that may be studied. ~!ethanol has been used in place 
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TABLE II 
PrtECIPITATION OF ENTEil.OTOXIN AT VARIOUS pH liANGES 
I 
Test No,' pH 
Dolman Test on Dis-
1Precipitation ' solved Ppt, at pH 7,0 1 
(6.5 rnl) 
I I 3,0 I -4-
II I 3o5 I 
"""' 
III I 4,0 1 ++ 
IV 1 4o5 I H 
v I 5,0 I 
VI I 5o5 I 
VII I 1,0 I 
VIII 1 1,5 I 
IX I 2,0 I 
X I 2,5 
XI ' a.o I 
I 
XII 1 8,5 1f(sl.turbidity) 1 
I I 
' 
' 
Dolman Test on 
Supernate at pH 7,C 
(3.5 rnl) 
+ 
+ 
f 
+ 
f 
+ 
aot tested 
not tested 
not tested 
not tested 
not tested 
+ 
XIII '*9,0 I t 1 +(only the first tiw_e) 1 -(only the first time) I 
XIV 1 9,5 1-(sl,turbidity 1 
' at times) 
not tested 
XV 110,0 I not tested 
*It was not possible to reproduce these results, 
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of ethanol by Pillemer et al, (73), for it has been noted that methanol leads 
to less irreversible chanBes in labile proteins than does ethanol, probably 
due to its high dielectric constant a.'ld its great sildJ_arity to water, Also, 
the methanol may be easily removed by in vacuo drying, leaving the solid 
residue, 
In the present study, four variables were kept constant, concomitant 
with the variation of the fifth condition, Hence, the solubility of the 
enterotoxin as a function of either pH, methanol concentration, protein con-
centration, or ionic strength can be determined as lont; as three of these 
conditions are maintained constant, SL'lce HAc, HCl, NaOII, or NaAc buffers 
were added in order to reach the desired pH in the ali~uot under observation, 
we may for all practical purposes assume that the ionic strength of all the 
mixtures obtained is constant, namely, 1,4, the ionic strength of tr~'j)tic 
digest medirnn and of casamino acid medium, 
Eethanol Precipitation at definite .!ili, .!!m!£ strength at Q £1.• 
Aliquots of active filtrate were kept in the refrigerator overnight; 
the next day, the precipitation was carried out, the temperature of the mix-
tures and of the reagents being maintained at 0 C. The pH of the 20-ml ali-
quota was adjusted by the addition of hydrochloric acid to give a pH within 
the range of pH 1.5 to 3.5, of acetic acid to give a pH within the range of 
pH 3.S to 7.0, and of sodium b,;rdroxide to give a pH within the range 7.0 to 
10.5. Dilute solutions of acid or of base were used. pH Deternunations were 
done on these mixtures after they had reached room temperature, After the 
pH had been adjusted, calculated amounts of ice-cold methanol (90% methanol-
10% water) were added to give the desired methanol concentration in the par-
ticular solution, (The methanol-water mixture was prepared by adding 10 
volumes of warm distilled water to 90 volumes of metpanol at room temperature. 
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This mixture was kept in the refrigerator,) The methll.Ilol was added very 
slowly and with constant Wliform stirring. The resulting mixture3 were 
allowed to remain in the refrigerator for 48 hours in order to insure 
complete precipitation, After this time, any precipitate which may have 
been formed was removed by centrifugation in the cold and dissolved in 
10 ml of a phosphate buffer at pH 7,4, Both the filtrate and the dis-
solved precipitate were tested for enterotoxic potency, }lost of the 
methan ol was removed from any filtrate to be tested by air evaporation. 
The various pH values at which precipitations were attempted «ere in 
the range between pH 3,0 and pH 10.5; the methanol concentrations used 
rant;ed from 10% to 40',1,, 
The results of this experilnent are sununarized in Tc.ble III, It will 
be seen that although precipitates were obtained at pH 3,0, pH 3.5, pH 
4,0, pH 5,0, pH 4,5, and pH 8.5, none of these were foWld to be entero-
toxic, 
The supernate obtained from the aliquot of filtrate treated with 12% 
methanol at pH 3,5 at 0 C was saved in the refrit;erator for tuo days; to 
7 ml of this supernate at 0 C was added a sufficient amoWlt of cold ace-
tate buffer at pH 6,0 and ionic strength 0,10 (prepared according to 
Boyd'" ( 9 ) nomogram for acetate buffers) to give a pH of 4,5, A calcu-
lated volume of methanol was added to give a final concentration of 15%. 
The resulting mixture was kept in the refrigerator for 1,8 hours, and the 
resulting precipitate was removed by refrigerated centrifugation, ~'•'hen 
dissolved in physiological saline (10 ml) and injected intra-abdominally 
into a kitten, no enterotoxin was detected, 
In the literature survey, references were made to other general methods 
of precipitation which had proved successful for other bacterial toxins, 
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TABLE III 
METHANOL PJ:®:IPITA1'ION AT DEFINITE pH1 IONIC ST1l.ENGTH AT 0 C 
Ionic Strength 0.14 -
-
K : 
Degree 1 Dolman Test 1 
Test. lio.' pH 1 (Methanol)' of 1 (supernRte at' 
I. 
' % 'Precipitation' pH 7.0) 
I 
A I 3.0' 
B 1 3o0 1 
C I 3.0 1 
D I 3.0 1 
40 
32 
20 
13 
# 
+ 
+ 
++ 
+ 
t 
+ 
+ 
Dolman Test 
{on dissolved 
ppt. at pH 7.0) 
--------~----~----------~-------------1-------------~-------------------
II. A 
B 
c 
D 
I 3o5 1 
I 3o5 1 
I J.5 t 
I 3o5 1 
41 
30 
20 
10 
I 
tt 
++ 
+ 
+ 
+ 
+ 
+ 
+ 
--------~----~----------~-------------~-------------~-------------------
III. A 
3 
c 
D 
I 4o0 1 
I 4.0 1 
I 4o0 1 
I 4.0' 
I I 
40 
30 
22 
12 
t 
+ 
f 
-1-
--------~----~----------~-----------~-------------~-------------------
IV. A 
B 
c 
I 4o5 1 
I 4o5 1 
I 4e5 1 
++ + 
++ + 
++ t 
D • 4.5• 10 • ++ ' + 't(not reproducible) 
--------~----~----------~-------------~-------------~-------------------
I 
V. A 5.0 1 40 + 
B ' 5 .o• 30 'not tested 
C ' 5.0• 20 1 not tested 
D ' 5.0• 10 1 not tested 
--------!----~----------~-------------~-------------~-------------------I 'I 
VI. A 13.5' 40 + ' not tested 
B r 8.5' 30 + 1 not tested 
Q I 8.5 I 20 +f + 
not tested 
not tested 
D • 8. 5 • ll + ' not t•sted not tested 
--------~----~---------~-------------1-------------~-------------------
I I 
VII. A 9.0 40 r not tested 
----------
B I 9.0' 30 ~ 
-----------
I 
c 9.0 1 20 I not tested 
-----------
D 9.0 1 10 + + 
• 
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Although it was realized that precipitation methods useful for cne toxin 
would not necessarily prove successful for another toxin, attempts were 
made to apply two of these methods for the isolation of enterotoxin, 
Precipitation with trichloracetic acid (according to Boivin and Izard(~)) 
To a 10-ml portion of an active filtrate at 0 C was added just enough 
of 1 N trichloracetic acid to give a final pH of 5,0, The previously 
chilled acid was added to the filtrate very slowly and with rapid stir-
ring, The resulting mixture was allowed to remain in the refrigerator 
for 48 hours, At this time it WI!,S centrifuged in the cold, l'.'hen this 
precipitation was first carried out, a precipitate was obtained which 
when dissolved in 5 ml of physiological saline proved to be enterotoxic 
upon the intra-abdominal injection of 4 ml of this solution; however, it 
was impossible to reproduce these results on subsequent attempts, 
The same procedure was performed on 25 ml of an active filtrate 
brought to pH 3.8 by the addition of ice-cold trichlor&cetic acid, After 
this mixture had r~Jained in the refrigerator for 72 hours, it was noted 
that a definite precipitate had been formed, This was removed by centri-
fugation at low temperature and ilrmediately dissolved in 10 ml of a H/15 
phosphate buffer at pH 7 ,4, The Dolman kitten test showed the presence 
of enterotoxin in this solution. The clear supernatant that was obtained 
after centrifugation at low temperature of the above mentioned mixture 
retained enterotoxic property but the minimal dose was now 6,5 ml, as 
compared to the original minimal dose of 2,5 ml, 
The trichloracetic acid precipitation at pH 3.8 and carried out at 
0 C was repeated on three 50-ml aliquots of active filtrates; in no case 
was it possible to again obtain a precipitate which w~en dissolved in 20 ml 
of a H/15 phosphate buffer at pH 7,4 was capable of producing the food-
poisoning syndrome L~ kittens. 
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Since none of the previously mentioned methods attempted for the 
isolation of enterotoxin proved successful, we attempted to isolate the 
entet"otoxin by combining, with slight modifications, two methods which 
had been used by other workers but which they found not reproducible, 
These nethods involve the use of ammonium sulfate and of ethanol, All 
runs were duplicated; parallel runs were carried out on kno1m non-
enterotoxigenic strains. 
Prelindnary experimentation with arr®oniQ~ sulfate precipitations 
indicated that an enterotoxigenic strain at pH 7.0 and containing 60% 
~onium sulfate retained the enterotoxin in the supernate; the precipi-
tate thus obtained possessed no enterotoxic activity. An active filtrate 
at pH 7.0 a..'1d 95;0 to 100;'& saturated with ammonium sulfate also formed a 
precipitate, This precipitate, when dissolved in phosphate buffer at 
pH 7,4 (one half the original volume), possessed enterotoxic properties 
when injected intra-abdominally into kittens, The supernate thus 
obtained was negative in all cases, 
The procedure for the above was as follows: To a 20-ml portion of 
of an active filtrate at room t~nperature was added enough of a 1~ 
saturated ammonium sulfate solution to give a final concentration of 60% 
anunonium sulfate; the mixture was left in the incubator at 37 C and the 
precipitate allo>Ted to settle out of solution for 24 hours, This mix-
ture was then centrifuged at room temperature; to the supernatant was 
added enough anunonium sulfate to give a final concentration of 95% of 
ammonium sulf4te. The mixture thus formed was left at 80 C (in a water 
bath) for 21 hours. The precipitate thus formed was removed by centri-
fugation; the precipitate was dissolved in 10 ml of physiological saline, 
and this resulting mixture >Tas again lOOfo saturated with ammonium sulfate; 
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the precipitate thus forn:ed was dissolved in 6 ml of a phosphate buffer 
at pll 7 .4. Four ml of this solution were injected intra-abdominally 
and a positive enterotoxin reaction was obtained. All precipitates and 
filtrates obtained from the known non-enterotoxigenic strain of staphy-
lococcus gave negative Dolman kitten test reactions. 
Preliminary experimentation also showed that enterotoxin is preci-
pitated from an active filtrate at pH 7.0 or 7.4 by the addition of 2~ 
volumes of ethanol per volume of filtrate at 0 c. By a combi.'1ation of 
these two precipitation methods (slight modification of Hammon's method) 
an active fraction ''as obtained. 
Precipitation .2z combined ammonium sulfate treatment and ethanol treatment, 
following removal of other toxins. 
Fractio;~al precipitation at pH 4.5, pH 4.0, and pH 3.5 was carr:i_ed 
out on 20 ml of an active filtrate, following the directions given under 
Precipitation Eo:: P!i ad.iustment ~. To the clear supernate thus obtained 
were added 2k volumes of previously chilled ethanol. The resulting mix-
ture was allowed to remain in the refrigerator for 48 hours, at the end 
of which time the precipitate was removed by centrifugation at low temp-
erature. The precipitate was dissolved in 15 ml of physiolo~ical saline 
and when 2.5 ml of this solution were injected intra-abdominally into 
kittens, a positive enterotoxic reaction was observed. The supernate, 
after removal of the ethanol by evaporation in air, gave a negative test. 
Qualitative tests done on the dissolved precipitate gave the follow-
ing results: 
Ninhydrin test 
Biuret test 
Holisch test • • • • • 
• 
negative (after hydrolysis) 
• negative 
positive 
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Phosphorus • • • • • • • • positive 
Reducing sugar • • positive (after hydrolysis) 
To 10 ml of the saline solution containing the enterotoxin positive 
fraction was added sufficient ~:@onium sulfate solution (saturated) to 
give a final concentration of 95~1, anunonium sulfate. The resulting mix-
ture was placed in a water bath at 80 C for 2 hours and then centrifuged. 
The precipitate thus obtained was dissolved in 5 ml of physiolo~ical sal-
ine; 3 ml of this solution gave a positive Dolman kitten test. 
To a second aliquot of active filtrate was added enough of a satu-
rated an@onium sulfate solution to give a final concentration of 60;6 
amrnonium sulfate; after being allowed to remain at room temperature 
overnight the ndL~ture was centrifuged; the supernate retained its ori-
ginal enterotoxic potency. This supernate was dialyzed with water for 
30 hours, at the end of which time 10 ml of 0.85:~ saline were added to 
the remaining solution. 3.0 ~Q of this solution was adjusted to pH 7.0 
and the solution was brought to a temperature of 5 C; to this mixture 
was added 2~ volumes of previously chilled ethanol and it was placed in 
the refrigerator for 24 hours. The precipitate was removed by centrifu-
gation at l01< temperature and immedj_ately dissolved in 5 ml of physiolo-
gical saline; the resulting solution gave a positive Dolman kitten test 
when 2.5 ml 1·1ere used for the injection. The supernate obtaiwd by the 
centrifugation was negative. Due to a lack of material at this point, 
it was impossible to carry out any other tests on the active fraction. 
The above procedure was repe.:ted on three separate 100-ml aliquots 
of acti_ve filtrate. In each case, the precipitate obtained was removed 
by centrifugation at low temperature and washed first with cold acetate 
buffer, pH 6.0, ionic strength 0.10, and then ;·lith ice-cold distilled 
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water. The three precipit,.,tes thus obtained Nere ench suspended in 100 
wl of distilled water and the pH adjusted to pH 7 .o. The mixtures ;;ere 
centrifuged and the supernates decanted. To each supernate was added 
2~ volumes of cold ethanol. The mixtures were allowed to remain in the 
refrigerator for 48 hours, at which time the contents of the three beak-
ers were pooled and lyophilized. 360 lfJg of solid material were obtained, 
representing 1.2 mg per ml of original filtrate. A small sample of this 
amorphous substat1ce was dissolved in 10 ml of physiological saline; J.O 
ml of this solution gave a positive Dol.m&n kitten test. The remainder of 
this solution was allowed to pass through an acetic acid-collodion ultra-
filter (prepared according to the directions of G. Barkan (2 )) and the 
filtrate thus obtained was found to be enterotoxic by the Dolman kitten 
test, using 4.0 ml for the injection. (More of the precipi.tate was neces-
sary to be dissolved in 0.85/~ saline and passed throu<;h the ultrafilter 
in order to obtain the 4.0 ml used in each of two tests.) 
Although the Biuret test (and Ninhydrin test) performed on aliquots 
of a solution of the precipHate dissolved in distilled \'later were nega-
tive, a micro-Kjeldahl nitrogen determination was carried out in tripli-
cate; 0.08 mg of nitrogen were found in 2 mg of sample, representing 47; 
nitrogen content (Koch and Echeekin method (46)). Substances which con-
tain N - ll, NO, and N02 linkages must be pretreated before Kjeldahliza-
tion in order to determine the ni trot;en co:: tent o! such cowpounds. For 
this reason, the Friedrich method for the reduction of such groups (15) 
was applied to a sample of the purified substance as follows: 8.9032 mg 
of substance were weighed and placed in a digestion flask; 1 ml of constant-
boiling hydriodic acid was added, and the mixture was gently refluxed for 
45 minutes. hore heat was then applied until appro:YJ.r,mtely 0.7 ml of the 
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hydriodic acid had been slowly distilled from the flask; to the resulting 
concentrate was then added 0.5 8 of potassium sulfate, followed by l ml 
of water and 1.5 ml of sulfuric acid. This mixture was then heated on 
the digester until most of the water had been removed. After the digest 
had been cooled, l ml of water was added and the distillation was repeated, 
in order to remove the liberated iodine with steam. The digest wa.s then 
cooled and 40 mg of mercuric oxide added, after which the Kjeldahlization 
and distiJlation were completed in the usual manner. The percentage of 
nitrogen in the purified substance was found to be 4.08%. 
A Nolisch carbohydrate test performed on a solution of the precipi-
tate dissolved in distilled water gave a positive reaction. A micro-
method for reducing sugar determination was carried out as follows: 20 
mg of the precipitate were dissolved in 20 ml of 1.5,;; hydrochloric acid 
and hydrolysis was allowed to proceed for 60 minutes at 100 c. A micro 
reducing sugar determination (method of Falin and Nalmros (48)) performed 
on three 0.20-ll'l portions of this hydrolyzed mixture indicated the pre-
sence of 0.36 mg of reducing sugar per mg of solid, or 36%. 
Digestion of the precipitated material was tested with trypsin (at 
pH 8.2), with pepsin (at pH 2.0), ru1d with papain (at pH 6.0). The 
digestion ~s carried out in dialysis cellophane bags, each ill'mersed in a 
buffer of pH the same as that of the mixture in the bags. Each collodion 
bag contained 10 mg of the precipitate dissolved in 10 ml of distilled 
water (all adjusted to the proper pH) and 20 mg of the particular enzyme. 
All were incubated at 37 C for 48 hours, after which time the enterotoxic 
activity of the resulting solution was tested on kittens. As a means of 
control, three solutions were prepared, each one containing one of the 
tested enzymes in the same concentration as in the test. The Dolman kitten 
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test was applied to each of these solutions (5.0-ml inoculums were used), 
and in no case was vomiting produced. 1ihen the contents of the collo-
dion bags were tested for enterotoxic activity, however, it was found 
that enterotoxin was still present. Thus,the enterotoxin is not digested 
by either trypsin, pepsin, or papain under these conditions. Table IV 
summarizes these results. 
At this point, large-scale production of staphylococcal sr.terotoxin, 
using the casamino acid medium described on pages 37 to 38 1 was attempted. 
'!'he procedure followed ~ras similar to that described above, but large 
1000-ml noux bottles were now used in place of the smaller flasks. It 
was noted by the investigators that by placing each noux bottle with its 
contents dc\m on its side during incubation better yields of enterotoxin 
were obtained th1l.n when the bottles were perrHitted to remain upright. 
The enterotoxic activity of each filtrate thus obtained was tested either 
by means of the Dolman kittsn test or by the Robinton frog test. It was 
found in some cases that when 20 ml of the known enterotoxic filtrate 
was added to 40 ml of condensed milk and fed to the kittens, vomiting was 
produced within thirty minutes. A purified preparation with enterotoxic 
ae tivity was attained by following the procedure described on pages 47 
to 48 for the a~onium sulfate-ethanol precipitation and subsequent lyo-
philization on an ultrafiltrate obtained fror.\ an enterotoxic filtrate. 
The purified preparation thus obtained was used in the suese~uent analy-
ses. 
A micro glucose determination (method of Falin and Halmros (48)) 
was Npeated in duplicate on aliquots of a solution obtained by hydrolyz-
ing 20 mg of the prepared material in 20 ml of 1.5;; hydrochloric acid. 
The results obtained indicate 0.35 mg of reducL~g sugar per milligram of 
TABLE IV 
RESULTS OF TESTS DONE ON THE ENTEB.OTOXIC FRACTION 
Test 
Quantitative nitrogen determination 
(Koch and McMeekin -micro) 
Quantitative reducing sugar determination 
(Folin and Malmros -micro) 
Trypsin digestion at pH 8.2 
Pepsin digestion at pH 2.0 
Papain digestion at pH 6.0 
Result 
no effect 
no effect 
no effect 
5la 
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solid, or 35%; these results are in agreement with those st~ted on page 
50. 
In an endeavor to determine which one of the reducing sugars ;m.s 
prenent in the hydrolysate, the following tests were performed, with 
the results indicated below: 
Benedict's reduction test •• • • •• 
Barfoed 1 s reduction test 
Selivanoff reaction 
Osazone formation • 
• • •• • 
• • • • 
• • • 
• • • • • positive 
• • •• positive 
• 
negative 
• • positive (wtile heating) 
Fermentation by baker's yeast • • • , positive. 
other quantitative tests performed on the purified preparation are 
indicated belo<1, <dth the results therefrom obtained: 
Amino acid nitrogen (method of Falin) • • • • •• negative (on hydrolysate) 
Total phosphorus (method of Fiske and SubbaRow) • 2.3% 
Inorg4nic phosphate • • • • • • • • • • •• Of, 
Glue osa'lline • • • • • • • negative. 
Determinations of the presence or absence of staphylococcal hemotoxins 
(alpha and beta hemotoxins), of staphylococcal dermonecrotic toxin, and 
of staphylococcal lethal toxin were made on solutions of two separate puri-
fied preparations. Jach analysis was performed in duplicate, A Dolman 
kittan test or a liobinton frog test for anterotoxin activity was carried 
out on solutLons tested for the other toxins mentioned. Tests for these 
toxins were also carried out on original filtrates previously centrifuged 
at lovr temperature and filtered through a 1-Iormann filter. 
Assay of the <{.. and /J- hemolytic toxins 
Ten mg of the purified preparation was dissolved in 10 ml of a ster-
ile 0,85;; saline solution. The hemolytic titer of the solution was 
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determined by edxing 0,5-ml amounts of increasing dilutions of the <:lis-
solved material (0,85% saline was used as the diluent) with 0.5-ml amounts 
of a 1% emulsion of washed rabbit erythrocytes (in 0,35~0 sterile saline) 
in one test series and of washed sheep e!"'jthrocytes in another test series, 
These mixtures were L~cubated in a water bath at 37 C for one hour, the 
tubes being shaken at fifteen-winute intervals durL~g the hour, Readings 
were recorded at this time, The tubes were then refric;erated overnight 
and readings taken the next mornin&• The hemolytic titer WD~ dete1~1ined 
by considering as po~itive those tubes in which 50/o of the erythrocytes 
had been hemolyzed, Alpha hemotoxin was recorded as present when both 
rabbit and sheep erythrocytes were hemolyzed after one hour at 37 C; 
beta hemotoxin was recorded as present when only sheep erythrocytes were 
hemolyzed after the tubes had been placed in a water bath at 37 C for one 
hour and were then refrigerated overnight, 
Assay 2£ the dermonecrotic toxin 
A sufficient volume of a sterile 0,85;; saline solution was added to 
20 mg of the purified preparation to dissolve it completely, The result-
ing solution was injected intradermally in 0.50-ml arr,ounts into the depi-
lated abdomen of young rabbits, After twenty-four hours, definite macro-
scopic signs of necrosis, er0~hema, and swelling were looked for, If the 
results were negative at this time, observations were made again twenty-
four hours later, 
Assa:r of ~lethal toxin 
A sufficient volume of a sterile 0,85;; saline solution was added to 
20 mg of the purified preparation to dissolve it completely, This solu-
tion was injected intravenously into one of the ear veins of rabbits, 
using 0.5 ml of solution per kilogram of body wei&ht. The lethal toxin 
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was recorded as being present if death ensued within twelve hours following 
the injection. 
The results obtained in the detemination of the presence or absence 
of the vccrious other staphylococcal toxins 1mder consideration together 
with enterotoY~n in both the crude filtrates and the solutions of the puri-
fied preparation are indicated in Table V and in Table VI. 
The molecular weight of the purified preparation was determined by the 
dast method (15) in the following manner: 5 mg of sarr~le were mixed with 
50 lll6 of camphor, and the mixture was sealed in the bottom of a thin-walled 
soft glass tube with an inside diameter of approximately 4 mm. This was 
accomplished by wrapping the tube for a distance of 15 nun from its closed 
end with several layers of filter paper, dipping it i.:1 we.ter for cooling 
purposes, and sealing the tube about 10 mm above the wet paper with a hot 
flame. The tube containing the mixture was held in a glycerine bath at 
180 C for a few seconds, long enough to permit melting of the mixture, and 
thEm it was withdrmm and vigorously shaken in order to brint; a complete 
fusion of the two components. Preliminary to the melting point determin-
ation, the burner for the melting point apparatus was adjusted to raise 
the ten,perature of the circulatint; bath l C per minute within a range of 
5 C near the fusion point of the solution. A light source was adjusted 
behind the bath to give a bright, diffused bearr, through the melt. The 
tube containing the solution was then attached to a long-sterr"o,ed thermo-
meter which had been previously calibrated, and placed in t,ne melting point 
apparatus. The bath 1-ras y_uickly heated v1ith an auxiliary burner to approxi-
mately the fusion point of the solution; then the adjusted burner was sub-
stituted for the auxiliary one and the heating continued. As the tempera-
ture rose, small crystoJ.s seemed to form, fall to the bottom of the tube, 
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TABLE V 
rlELATIONSHIP OF THE VA,UOUS STAPHYLOCOCCAL TOXINS 
IN Tfl-E O:iiGINAL FILT;iATES 
Culture ' Enterotoxin Activity ' Hemolysin Titer ' Dermonecrotic 1 Lethal 
1 (Dolman Kitten Test) 1 alpha beta 'toxin Activit;r 1 Activity 
I positive 1:4 1:4 negative 1 negative 
--------~----------------------J ________ J ________ J _______________ ~---------
positive 0 0 
I 
positive 
in 12 hrs. 
1 positive 
1 in 12 hrs, 
________ J----------------------~--------J ________ J _______________ J _________ _ 
positive 0 1:16 I negative 1 negative 
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TABLE VI 
RELATIONSHIP OF THE VARIOUS STAPHYLOCOCCAL TOXINS IN T!B 
SOLUTIONS OF THE PURIFIED PREPMW!'ION 
Purified 1 Enteroto~cin Activity ' Hemolysin Titer ' Derwo~ecrotic ' Lethel 
Preparation ' (Robinton Frog Test) 1 alpha beta 'toxin Activity 'Activity 
I positive l:h 0 negative ' necative 
------------L----------------------L--------L--------L---------------L---------
II positive 0 0 l negative 1 negative 
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and then melt. The melting point of the solution was taken as the temp-
erature range within which the last crystal melted. The entire operation 
as described above was repeated on the pure solvent. In each case, the 
process was repeated several times on the same sample after cooling the 
contents of the capillary tube to about five degrees belovf the melting 
point. The average of aU the values obtained was tahen as the melting 
point of the material under in'lestigation. 
The diJ'ference between the two averaged values is the depression of 
the freezing point in the molecular wei(,ht fo!1tmla--(4 = telllperature 
depression) KS 
= 
where S is the weight in milligrams of the solute, S' is the weight in 
milligraw.s of the solvent, and K--39,000--is the freezing point depression 
constant for camphor. This value of K for the camphor used Nas deter-
mined by performing melting point determinations with two known substances, 
acetanilide and naphthalene, using camphor as the solvent. 
The results obtained are indicated as follows: 
Nel tint; poir1t of camphor • • • • • . . . 176.02 c 
176.07 
176.00 
Average melting point 176.03 C 
S.D. = 0.036 
S.£>. = 0.021 
Heltinl', point of 50 mg of camphor plus 5 mg of purified 
preparation . • . . • • • . • . . . . . 175.52 C 
175.55 S.D. • 0.026 
175.50 s.E. - o.o15 
Average melting point 175.52 C 
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Depression of freezing point of 50 m& of camphor by 5 mg 
of purified preparation •••••••••• 176.03 C S.D. = 0.018 
• 
• • M 
39,000 X 5 
• --- • 7647 g • 
(50)(0.51) 
95% confidence limits 0.51° ! 
99% confidence limits 0.51° t 
175.52 s.E. = 0.0147 
0.51 
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DISCUSSION 
As was stated, food poisoning due to staphylococcal enterotoxin is 
becoming of increasing L~portance. Many different foods have been incri-
minated (13, 38, 65, 78) and more and !!'ore outbreaks involving large num-
bers of people are being reported. One outbreak causL~g the illness of 
eleven people has been reported by Corpening and Foxhall (19), which was 
due to cake Hith a custard fillino;. i3acteriolo.:;ical exarr.ination of the 
c~~e revealed four types of organisms: Staphylococcus aureus, Strepto-
coccus fecalis, Eberthella enterica, and Bacillus subtilis. Subsequent 
analyses sho"Ned that the food poisoning uas actually due to Staphylococcus 
aureus, for human volunteers developed typical symptoms after drinking 
the staphylococcal filtrates. Filtrates from the other organisms were 
not toxic Hhen swallowed by human volunteers. Thus, it is absolutely 
essential that the proper handling of food either j_n one's household or 
in a public restaurant be regarded as of prime importance. Doyle (38) 
has offered the followinr; recommendations which would prevent outbreaks 
of food poisoning. 
1. Education of food handlers in the underst~~ding of the 
chain of events leadin(l to the successful gro,;th of staph-
ylococcus L• foods. 
2. Supervision by the health officers to insure that the 
proper hygienic techni.~ue i$ being used in restaurants and 
that refrigeration is adequate and intelligently applied. 
3. Prompt action by local authorities in procuring samples 
of food as early as possible following any outbreak so that 
offending food might be determined and removed from the menu. 
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Since it was the purpose of this investigation to attempt to isolate 
the staphylococcal enterotoxin from known enterotoxigenic filtrates and 
,. 
to subsequently study its physical &'d chemical nature, it was deemed 
important to obtain filtrates of potent enterotoxic activity. Hence, the 
preliminary part of the research was concer•1ed >-'ith the deterrrination of 
those conditions >ihich were most favorable for the production of entero-
toxin in staphylococcal cultures. 
In tl1e literature, references have been made concerning the favorable 
effect of increased carbon dioxide tension for the production of toxin by 
staphylococci; Parker, Hopkins, and l.'unther (70) were able to obtaL'l more 
potent dermotoxin •'hen their cultures were incubated in an atmosphere con-
taining 10% C02; increased co2 tension was also four.ct to be very benefi-
cial for the production of alpha-lysin by Burnet (10) ~d of beta-lysin 
by Bigger (4 ) • Later investigations by ·;ioolpert and Dack (95) showed that 
an atmosphere containing 20 to 25% C02 was beneficial for the growth of 
enterotoxin. In this laboratory, it was found that replacement of the air 
in the culture flasks by a mixture of gas containing 20 to 30;'b CO a.'1d 70 
2 
to SO% 02 vias a very essential re--J.uirement for the production of entero-
toxin by the staphylococci. It was found that failure to meet with this 
requirement prevented the production of staphylococcal enterotoxin, evAn 
by those strains m1der investigation, which had been isolated from conta-
minated food prev:i.ously involved in cases of food poisoning. It. was also 
found that replacement of the gaseous mixture on the second day of the 
three-day or four-day incubation period by a fresh mixture enhanced the 
product:i.on of enterotoxin. Burnet (10) explains that the function of car-
bon dioxide in bacterial physiology depends on its power to pass freely 
into the organisms and thereby alter the intracellular pH il"ldependently of 
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that of the culture in which the bacteria are growing, This, he explains, 
is possible because the hydrogen ion is presumably non-diffusable through 
the bacterial cellular membrane, 
The beneficial effect of rotation of the liquid cultures for lysin 
production has been noted by several independent groups of investigators, 
Casman (12) succeeded in· obtaining high alpha-lysin titers by continuously 
rocking his broth cultures in shallow l~ers, Favorite and Herrman (40) 
investigated the effect of rotating their cultures in nursing bottles for 
the production of enterotoxin and found that this enhanced enterotoxin pro-
duction; these results were substantiated by the findings of Surgalla (89), 
who found that when the culture nasks were kept in continuous motion on 
a rotating wheel, the speed of which varied from 30 to 330 revolutions per 
hour, the production of enterotoxin was enhanced, Since no rotating mecha-
nism was available in the incubator of this laboratory, the culture flasks 
were rotated by hand as often as was possible during the incubation period, 
This seemed to be quite satisfactory a method to fulfill this requirement 
for the production of staphylococcal enterotoxin, 
The investigation for the proper medium in which to produce staphy-
lococcal enterotoxin was also undertaken in the preliminary work. The 
culture media used in the past proved to be very complex preparations 
containing meat infusions of hydrolysate& of natural proteins of complex 
composition, In this study, however, it was desirable to obtain as 
simple a medium as possible for the production of staphylococcal entero-
toxin and thus eliminate much extraneous material in the filtrates from 
which the enterotoxin was to be obtained, In this study, it has been shown 
that staphylococcal enterotoxin may be produced in a very simple medium 
consisting merely of casamino acids and yeast extract, if the previously 
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mentioned re~uirements for the production of staphylococcal enterotoxin 
are also fulfilled. It was found that staphylococcal enterotoxin was 
produced when the enterotoxigenic strains were grown on tryptic digest 
medium, but this medium was not used in many cases because of the pre-
sence of much extraneous material of a complex nature. 
Length of the incubation period is also an important factor to con-
sider in order to assure the production of enterotoxin in staphylococcus 
cultures. Segalove and Dack (81) succeeded in producing staphylococcal 
enterotoxin in a culture grown for three days at 18 C and for twelve 
hours at 37 c. Shorter periods of time did not favor the production of 
enterotoxin. At 9 C and at 15 C it was not produced in seven days and 
three days, respectively. The results obtained in this laboratory have 
shown that incubation at 30 C for a period of time lasting from two days 
to four days enhances the growth of the organism and the production of 
enterotoxin as well. It was often found that these two factors paralleled 
one another. 
Since it was impossible to precipitate the staphylococcal entero-
toxin from the prepared enterotoxic strains by means of the classical 
methods of precipitation for toxins of protein nature, it was believed 
that perhaps the enterotoxin was not protein in nature, but rather of a 
lipid or carbohydrate nature. Hence, other methods of isolation were 
attempted, and a procedure for obtaining a purified preparation with entero-
toxic activity was devised by employing the ammonium sulfate-ethanol pre-
cipitation method described. Failures in the pa5t in the attempts to pre-
cipitate enterotoxin from the enterotoxic filtrates may have been due 
to the presence of complex substances in the medium used and to the 
failure to remove these substances as well as other staphylococcal 
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products from the filtrates used prior to the analysis. 
The analyses >ihich have been perfomed on this purified preparation 
supply sufficient evidence to support the conclusion that the staphylo-
coccal enterotoxin molecule exists as a large complex polysaccharide which 
contains 2.3% phosr.horus and 4.0,-~; nitrogen, as well as 36~6 reducir..r; sugar 
in the hydrolysate produced by hydrolyzing 20 mg of the purified prepara-
tion in 20 ml of 1.5~; hydrochloric acid for 60 mitmtes at 100 c. This 
reducing sugar has been idantified as glucose. 
Since both the ninhyddn test meld the biuret test (y_ualitative deter-
minations) are negative, "e can conclude that there are no peptide linkages 
present in the enterotoxin molecule. The ninhydrin reaction is dependent 
upon tte presence of proteins, peptones, peptides, and amino acids contajn-
in;; a free carboxyl group and an alpha-amino group to react with the nin-
hydrin (triketohydrindene) to produce ammonia, carbon dioxide, and sometimes 
an aldehyde contalning one less carbon than the original amino acid. The 
biuret test, on the other 'land, is ;;i ven by sr.bstances 1vhich contain two 
carbarr.yl (-CONH2 ) groups joined either directly together or throu,_;h an atom 
of either carbon or nitro;;en. Other structural groupia;;s '.'ihich, <_f present, 
would also give a positive biuret test are -CSNH2, -C(NH)NH2 , and -CH2NH2" 
Hence, since the biuret test is negative ',men performed on a solution con-
taining the dissolved purified prepo.ration, vle conclurie that nor.e of these 
structural groupings is present. 
As stated, '1ua.ntitative ::jeldahl nitrogen ··letermimctions have indi-
cated the presence of 4.0,; nitro;;en when performed by the Koch-lricHeek~.n 
micro method or b;' the modified rr.ethod of Friedrich; this latter Ptethod 
also determines any nitro~en present in hydrazines, osazones, and nitro, 
nitroso, and o.zo compoilllds. Since the redncL11t; sugar present in the 
hydrolysate was found to be glucose and since such a small au~unt of 
nitrogen was found to be present, it was assumed that perhaps glucos-
amine was present in the hydrolysate; this, however, was not the case. 
The determination of amino acid nitrogen in the hydrolysate was also 
found to be negative. 
6.2 
Further evidence for the absence of peptide linkages in the staphy-
lococcal enterotoxin molecule is offered by the results obtained in the 
experiments to determine the effect of the proteolytic enzJ1nes trypsin, 
pepsin, and papain on an enterotoxic filtrate. These results alone would 
not be too conclusive, but when considered together with the other results 
mentioned above, we can learn still more about the chemical nature of 
enterotoxin. 
Trypsin is classified as an endopeptidase which acts on peptide link-
ages either in the central portion or the terminal portion of polypeptide 
chains; it acts on peptide linkages containing the carbonyl group of either 
lysine or arginine. 
Pepsin is also an endopeptidase capable of acting on peptide linkages 
within the large protein or polypeptide molecule. Pepsin acts on peptide 
linkages associated with the presence of tyrosine or phenylalanine, although 
it has been stated that other amino acids ~ be concerned in peptic action. 
The substrate for papain activity may be a protein, or a proteose, 
or a peptide substance. 
Since staphylococcal enterotoxin retains its activity as demonstrated 
by a positive Dolman kitten test or a positive Robinton frog test after 
being in contact with either of these 8UZJ1nes under the special conditions 
required for optimal activity of the particular enzyme under investiga-
tion, more evidence is furnished to substantiate the above conclusion 
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concerr.ing the absence of ;oeptide linkages in the snterotoxin molecule, 
The evidence outlj ned e.bove for the :Jroof of the carbohydrate nature 
of staphylococcal enterotoxin explains some of the negative results obtained 
by earlier investi~ators in their attempts to employ the fat solvents 
ether and chloroform to remove the staphylococcal enterotoxin from entero-
toxic filtrates, Jordan and Llurrows (as reported in a personal co"mJUni-
cation with Davison and Dack) (26) obtained an emulsion of chloroform and 
enterotoxin, rather than a solution of enterotoxin in chloroform, as had 
been stated by them in the literature (54). In Yiew of the nature of the 
enterotoxin molecule as indicated by the studies herein, this is not a 
surprising phenomenon, as r:tany large carbohydrate molecules, unlike lipid 
or protein molecules, are not dissolved by chloroform, but rather they 
produce an emulsion by e_~ adsorption of the carbohydrate molecules on the 
surface of the chloroform molecules, Davison and Dack also found that 
these two solvents failed to dissolve the enterotoxin. 
The large size of the enterotoxin molecule is sugGested by its inabi-
lity to penetrate the pores of cellophane sausage casing. bast monosac-
charides and disaccharides are diffusable through such a membrane, but 
many of the polysaccharides are not. The ability of the enterotoxin mole-
cule to pass through ~~ ultrafiltrate, however, sets certain limitations 
to the size of the P.'olecule, Since certain molecules suer, as lactalbumin 
with an approxilnate molecul:li' weight cf 18,000 (48), are not capable of 
passing through the pores of ru1 ultrafilter, it was possible to conclude 
that the molecular weight of enterotoxin was under this value. 'Phis w-as 
indeed found to be the case, as the molecular weight determination by ti-Je 
depression of the freezing point method, usinc; camphor as a solvent, gave 
a value of 7647. 
Since it >vas focmd that staphylococcal enterotoxin was capable of 
penetrating the pores of an ultrafilter, it tras concluded ths.t this uould 
serve as an excellent means of removing it from a culture filtrate, as 
all the other Gtaphylococcal products vihich are complex in n&t.ure would 
remain behind. Prior to the determination of this impoctant property of 
staphylococcal enterotoxin, other more tedious and less effective methods 
of precipitation had to be depended upon. Hence, in the later investiga-
tions and studies on enterotoxic filtrates, all culture filtrates were 
allowed to pass through an ultrafilter before ail;)' anal;:ses 1iere made. 
It is our opinion that the purified preparat~on obtained from an 
ultrafiltrate by the a~~nium sulfate-ethanol precipitation method des-
cribed herein is a pure preparation, as indicated by the results obtained 
by the determination of the molecular weight. Since the repeated melting 
points obtained on the one sample were consistent, this would seem to 
indicate that no decompositior. of the enterotoxtn ,ras occurring and that 
no extraneous substances were present. Similar values were also obtained 
tlhen the determination was performed on a different sample of purified 
preparation obtained from anoth~r ctliture. 
L11 the review of the literature included herein, -::or:cerned with staph-
ylococcal enterotoxin, references have been made to the earl;\' opinion thet 
the enterotoxic activity and the he111olytic activity of 1taphylococcal cul-
ture 'iltrates were produced by one and the same toxin 04a, 42, 84,94). 
It remained for Surt,alla and Hite (90), ho~<ever, to make a stud;,' of the 
production of alpha-hemolysin, beta-hemolysin, and enterotoxin by certain 
strains of staphylococci. It was their conclusion that staphylococcal ent-
erotoxin a;.<d the alpha- and beta-he.molysins of staphylococcal cultures are 
separable and distinct entities. 
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The identity of staphylococcal enterotoxin as a separate entity distinct 
from staphylococcal dermonecrotic toxin and from staphylococcal toxin as 
well as from the staphylococcal alph/¥- and beta-hemolysins has been con-
firmed b"" the results obtained in this laboratory. It is 'luite possible 
that all of these toxins sho'..lld be produced simultaneously by a staphylo-
coccus strain, but it has also been indicated in these studies that they 
are not all always present in enterotoxic filtrates. One strejn studied 
produced enterotoxin to,:;ether with srr,a2.l titers of the hemolysins; a second 
strain produced enterotoxi11 together with the dermonecrotic toxin and the 
lethal toxiE, but no hemolysins were preser,t; a third strain produced only 
beta-hemolysin tot;ether with the enterotoxin. 
In 1941, Favorite and Hammon (40) were also able to show that the 
correL<tion oetween staphylococcal hemolysins and enterotoxin does not 
ahrays hold. They demonstrated that cultures which ;rere shown to be capable 
of producins hig.h hSI:lolysins could be made, under other conditions, to give 
a low hemolysin production but retain the enterotoxin potency at its ori-
ginal high level. They also supplied evidence that the presence of one 
toxin is not entirely dependent upo::t the other, for one of their food-
poisoning strains produced potent enterotoxin, but failed on several dif-
ferent r.1edia under different environmental con<i.itions to yield wore than 
a bare trace of hemolysins. 
l,iore conclusive analyses of these toxic activities were performed on 
the purified preparation which possessed enterotoxic activity. In one 
preparation, a small amount of the alpha-hemolysin was found to be pre-
sent, probably <1Ue to incomplete '"urification of t;,e enterotoxin. None of 
the other activities was shown to oe present. In another preparation, 
however, none of the other activities wo.s found to be present with the 
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enterotoxic activity. From these results, it is concluded that the various 
toxic activities of staphylococci are not merel;y maDifestations of a single 
toxin, but rather are due to a group of differe~t toxins. 
Inhibition of the hemolJ~ic activity of an enterotoxic filtrate by 
heatin;; the filtrate at 100 C in a water bath for 30 mi:-,utes, as Hell as 
removal of the hemolysins from an enterotoxic filtrate by ultrafiltratior. 
methods as shown ict this laboratory would also tsnd to substantiate this 
conclusion. 
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SUNHARY OF il.ESULTS 
Evidence has been presented in this paper r.ohich supports the follo;."ing 
conclusio;1s concerning staphylococcal enterotoxin: 
1. It may be produced by growing th" enterotoxigenic strains 
of Staphylococcus aureus on t~ptic digest medium or on a 
specially devised cas~1o acid medium under an atmosphere 
of 25~ C02 and 75% o2• 
2. Its presence in staphyloccc~al filtrates or in solutions 
of purified preparations obtained from these filtrates 
may be demonstrated by either the Dolman kitten test or 
the .. tobinton fro;; test. 
3. A purified pPepara.tion may be obtained from an enterotoxic 
filtrate by the ammonium sulfate-ethanol precipitation 
method ciescribed herein, following the renoval of other 
staphylococcal products by one of the following methods--
a. adjustment of the pH of the filtrate, 
b. addition of sufficient sat~rated ammoniurn 
sulfate to the filtrate to render it 6Q6 
saturated with a'11lllonium sulfate 1 and 
c. ultrafiltration. 
4. It is a separate to:<in distinct from staphylococcal alpha-
hemolysin, staphylococca.l beta-hemolysin, stapnylococcal 
dermonecrotic toxin, and staphylococcal lethal toxin. 
5o It is not dialyzable through cellophane sausage casin~, 
but it does pass through an ultrafilter prepared accord-
ing to the directions described herein. 
6. Its toxicity is unaffected by the proteolytic enzymes 
tr~-psin, pepsin, and papain. 
7. Analyses show that it contains 4% nitrogen and 2.3% 
organic phosphorus. 
8. Both the ninhydrin test and the biuret test ( quali-
tative) are negative. 
9. The hydrol;rsate or the purified preparation contains 
36% reducing sugar 1 which has been sh01ill to be glu-
cose, but no glucosamine or amino acid nitrogen. 
10. It has a molecular weight or appraximatel;r 8,0001 as 
determined by depression or the freezing point o! 
camphor. 
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ABSTRACT 
ABSTRACT 
The subject of this investigation was the staphylococcal substance 
wlrl.ch we now call enterotoxin and wlrl.ch we know to be responsible for 
staphylococcal food poisoning in lllallo The immunological response of 
animals to this substance, as well as the exceptional heat resistance 
of the enterotoxin, indicates that it is indeed quite different from 
other !mown bacterial exotoxins. It was hoped that this study of som.e 
of the physical and chemical properties of the enterotoxin would help 
te explain those differences and also yield information about the ehemi-
cal nature of the toxin itself. 
A review of the historical bacqround of the increasingly important 
problem of staphylococcal food poisoning has been presented. In the 
past the salmonella group was considered to be the most frequent etio-
logical agent in the production of fooa poisening. This impression is 
especially noted in the English literature on the subject. Numerous 
investigations have shown that staphylococci of either the aureus type, 
the citreus type, or the albus type are also frequently the etiolocical 
scents in cases of fooa poisoning. In these cases, a toxin is produced 
which is responsible for the onset of the clinical symptoms of food poi-
soning in man; this toxin is called enterotoxin because of the effect it 
produces in the gastro-intestinal tract. 
Following ingestion of food contaminated with enterotoxin, an acute 
gastro-enteritis with typical symptoms of nausea, dizziness, diarrhea, 
and vomiting is developed within two to four hours. Recovery is usually 
rapid and within twenty-four hours, the patient feels perfectly normal 
again. Only one fatal case has been reported in the literature 
b 
(Blackman, s. s., Bull, Johns Hopkins Hosp., 2J., 289, 1935); in this case, 
the illness began with the symptoms of food poisoning enumerated above, 
but at necropsy a staphylococcal infection of the jejun11111 and ile11111 was 
found, probably the actual cause of the death. 
Methods of assay for the presence of staphylococcal enterotoxin have 
been described; the DGlman kitten test {intra-abdominal injection of the 
test solution into a kitten) and the Robinton frog test (direct feeding 
of the test solution to the common frog, ~ pipiens) have both been 
used with success in this laboratory, 
A review of the literature concerned with the physical, chemical, 
and antigenic properties of staphylococcal enterotoxin has also been 
given; in view of the difficulties encountered in the past in the methods 
of assay of enterotoxin and in the distinction of enterotoxin from the 
other staphylococcal toxins, namely, alpha--hemolysin, beta-hemolysin, 
dermonecrotic toxin, and lethal toxin, it is not surprising that we should 
find discrepant reports in the literature concerned with the properties 
of the enterotoxin. Much research has also been carried out with the 
ultimate goal of finding a simple mediUIII and fmY special requirements for 
optimal production of staphylococcal enterotoxin for experimental pur-
poses. 
For the experimental work of this investigation several strains of 
Staphylococcus aureus were obtained, some of which had been involved in 
food poisoning cases. All of the strains were maintained on tryptic 
digest agar slants, fresh slants bein&: made every four weeks and stored 
in the refrigerator, The colonies produced by these strains were of a 
golden-yellow pigment, with only slight variation from one strain to 
another, Enterotoxigenicity determinations of these strains were made, 
c 
and those strains which demonstrated high enterotoxin production under 
the conditions o! the experiment were used throughout the investigation. 
Investigations to determine a medium !or optimal production o! 
staphylococcal enterotoxin showed that tryptic digest medium or cassmine 
acid medium serve this purpose; the latter is to be preferred because o! 
the absence o! any macro1110lecular substance which might interfere with 
the study. The casamino acid medi\1111 is made by dissolving 15 grams o! 
casamino acids and 5 grams o! yeast extract in enough distilled water 
to mske up to one liter. The medium is adjusted to pH 7.4 with 4CJI, NaOH, 
and is then autocl&ved at 15 pounds pressure !or twenty minutes. 
All preparations o! staphylococcus enterotoxic filtrates were obtained 
as follows: A sub-culture is prepared by inoculating a test tube contain-
ing lO llll. o! liquid tryptic digest medium !roa the stock slant; this is 
incubated at 37 C (or, preferably, at 30C) !or an 18 to 24 hour period. 
Subsequent transfers are made !or three days at 18-hour intervals, the 
last one being allowed to grow !or five hours before it is used to inocu-
late the 25Q.ml Erlenmeyer flask containillg 50 to 85 ml o! the casamine 
acid medium or the tryptic digest medium. 0.10 MJ. o! the !iva-hour cul-
ture is used !or this inoculation. In those cases where the casamino 
acid medium is used, at least the last two sub-cultures are made in tubes 
containing this medium in place o! the tryptic digest medium. The air in 
the flask is replaced by a gaseous mixture containillg 20 to 3C1/. carbon 
dioxide and 70 to 80% o:x;ygen, and the flask is incubated at 37 C or 30 C 
!or three or !our days. At the end o! 48 hours, the ga88ous mixture is 
renewed. During incubation, the contents o! the !luk are mixed as often 
as possible as this enhances the production o! enterotoxin. A rotating 
mechanism in the incubator is advisable. After the third or fourth day, 
d 
the contents of the nask are centrifuged, and the supernatant is passed 
through a Hormann filter, The filtrate thus obtained is adjusted to pH 
7 .o, and is stored in a tightly stoppered bottle in the refrigerator, 
Just prior to the enterotoxin ass&J, the filtrate is heated for 30 min-
utes at 100 C in a water bath to inactivate the alpha-hemojbysin and the 
beta-hemolysin which would interfere with the ass&J, 
Large-scale production of staphylococcal enterotoxin using the casa-
mino acid medium was tried with success, Large 1000-ml Roux bottles 
were used in place of the smaller Erlenmeyer nasks, It was noted that 
placing each bottle with its contents down on its Bide during incubation 
enhanced the production of enterotoxin, if one m&J use the rapidity of 
the onset of the typical symptoms in the laboratory animals as a criter-
ion of the potency of the filtrate, 
Attempts to isolate the enterotoxin from staphylococcus enterotoxic 
filtrates were made by {l) altering the pH of the filtrate by the addition 
of NaOH, AeONs buffer, AcOH, or HCl, (2) application of the multiphase 
system of protein fractionation as employed by Cohn, EdsctlJ. et al, in the 
fractionation of blood proteins, (3) use of trichloracetic acid as des-
cribed by Boivin and Izard, {4) use of ethanol without any further adjust-
ment of the filtrate, and (5) use of definite concentrations of ammonium 
sulfate, The first three methods enumerated proved unsuccessful as a 
means of isolating staphylococcal enterotoxin from the known enterotoxic 
filtrates. With the use of ammonium sulfate and cold ethanol, a procedure 
was devised for isolating staphylococcal enterotoxin, following the removal 
of other staphylococcal products from the filtrate by one of the followin& 
procedures: (l) fractional precipitation by pH adjustment of the filtrate; 
(2) addition of sufficient saturated 811l1110nium sulfate to the filtrate to 
render it 60% ~turated with ammonium sulfate; or (3) ultrafiltration 
through a collodion ultrafilter. The procedure for isolating the entero-
toxin by the ammonium sulfate-ethanol precipitation method is dependent 
upon the fact that enterotoxin may be precipitated out of solution with 
2: volumes of cold ethanol at pH 7.0 or pH 7.4, or by rendering a fil-
trate at pH 7.0 95 to 100% saturated with ammonium sulfate. 
Details are given in the dissertation proper for the following analy-
ses which have been carried out on active filtrat~s or on solutions of 
the purified preparation: 
1. the effect of dialysis through cellophaneJ 
2. the effect of the proteolytic enzymes trypsin. pepsin, and papain; 
3. the effect of ultrafiltration; 
4. the detennination of the simultaneous occurrence with staphylo-
coccal enterotoXin of staphylococcal alpha- and beta-hemolysins; 
staphylococcal dermonecrotic toxin, and staphylococcal lethal 
toxinJ 
5. the reducing sugar content of the hydrolysate of the purified 
preparation; 
6. the identification of the reducing sugar in the hydrolysate of 
the purified preparation; 
7. the phosphorus content and nitrogen content; 
s. the determination of the absence of glucosamine and amino acid 
nitrogen in the hydrolysate of the purified preparation; and 
9. molecular weight determination. 
Evidence has been presented in this paper which supports the folio-
ing conclusions concerning staphylococcal enterotoxin. 
l. It may be optimally produced by growing the enterotoxigenic 
strains of StaphYlococcus aureus on tryptic digest medium or on 
casamino acid mediUlll under an atmosphere of 20 to 30% carbon dioxide 
and 70 to 80% OJQI'gen. 
2. Its presence in staphylococcal filtrates or in solutions of puri-
fied preparations obt41ned fr0111. these filtrates may be tested for by 
either the Dolman kitten test or the Robinton frog test. 
3. A purified preparation may be obtained from an enterotoxic fil-
trate by the ammonium sulfate-ethanol precipitation method described 
in the dissertation proper, following the removal of other staphy-
lococcal products by one of the following methods: 
a. adjustment of the pH of the filtrate; 
b. addition of sufficient saturated ammonium sulfate to the 
filtrate to render it 60% saturated with ammonium sulfate; 
c. ultrafiltration. 
4. It is a separate toxin distinct from staphylococcal alpha-
hemolysin, staphylococcal beta-hemolysin, staphylococcal dermone-
erotic toxin, and staphylococcal lethal toxin. 
5. It is not dialyzable through cellophane but it does pass through 
an ultrafilter prepared according to the direction• described in the 
dissertation proper. 
6. Its toxicity is unaffected liy the proteolytic enzymes trypsin, 
pepsin, and papain. 
7. The entarotoxin molecule contains 4% nitrogen and 2.3% organic 
phosphorus. 
s. Both the ninhydrin test and the biuret test (qualitative) are 
negative. 
9. The hydrolysate of the purified preparation contains 36% reducing 
sugar, which has been identified as glucose, but no glucosa:mine or 
amino acid nitrogen. 
10. It has a molecular weight of approximately 81 000. 
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